VOLUME 19 MAY 1959 NUMBER 5 


A.M.A. ARCHIVES OF 


A Small-Plant Medical Service 
William W. Dickinson 
Oxides of Nitrogen: Their Occurrence, Toxicity, Hazard 
kidward LeB. Gray 
Air-Borne Castor-Bean Pomace Allergy 
Ronald L.. Kathren, Harold Price, and Jack C. Rogers 
Silicosis in the Foundry—Medical Control 
Burton Ayre 
The Biological Effects of Vanadium 
Charles I. Lewis 


Second Inter-American Conference on Occupational Medicine 
John J. Bloomfield 


The Fate of Inhaled Particulates in the Early Postexposure Period 
Heinrich Brieger and Charles W. LaBelle 


Controlled Human Exposures to Malathion Aerosols 
Harold Gols 


Cancer of the Scrotum in Wax Pressmen 
|. Epidemiology 
N,V. Hendricks, C. M. Berry, J. G. Lione, and J. J. Thorpe 


Il. Clinical Observations 


John G. Lione and John S. Denholm 


The Industrial Hygiene of Uranium Fabrication 
William B. Harris and Irving Kingsley 


Books 


AMERICAN MEDICAL ASSOCIATION PUB 


Articl book revi 
editor. Articl 


journal, 


are a 


An original type 
double 


Cal h edve, 


| 
triple 


Another 


Ol pace 


The main title of 


subtitle may be of an 


Instructions to Contributors 


should be addressed to the Chi 


at they are contributed solely to this 


ews, and other materia 


cecepted for publicat on on col 


cript of an articl lh one carbon copy, should be provided; it must be 
don one ie ! | with at least a l-inch margin at 
arbon copy hould b reta 1 by the ithor, 


an article may not contain more than eighty characters and spaces; a 


y length. 


The author’ hould i db the highest earned ( medical 
degree which he holds. Tf academic conn ! ur ‘ one autl { ch 
connections must be given for all other authors of the article who have \ ( ‘ 

If it is necessary to publish a recognizable phot h of a person, the Id 
notify the publisher that permission to publish has hee ht | himself 


if an adult, or from the parents or guardian if a child. Ag tra that | ed 
in anothes publication should be acc ed b tater rr 
has been obtained from the author and the « ishes 

Oversized original Wlustrations should be phot phed and print oO | ub- 
mitted, Prints of a bluish tinge should 1 le | e pl ! | be re 
duced in cale unl portion to b ( ed are ( 1 | hic i ] 
submit duplicate prints of roentgenograms and plot ip] ith t if 
are to be emphasized circled, as a guide to the photoc tVel 

Charts and drawing hould be in’ black inl hard te paper. Let 1 he 
large enough, untform, and sharp enough to permit nece iry reduetion, Gil 
are requested, Paper clip hould not be used en 
tion, as does writn on the back of print th hard lead cil 
be prepared and pasted to the back of cacl tration showing its 4 ber, t 
and an abbreviated tithe of the art pl licat top. Cha 
must have ce Criptive levend prov lona Cparate heet. Table 11 t LAVE ( I L- 


Reference to the lite ture mild be di t to tl ed by thre rat 
the article, Phe | 1 pod « ecial 7 t the « l of thre ript lhe citat 
should include, in the order vive title of article (with mame of po 
odiecal, ith volume, page, n th foam eekly or ence 
to bool must contam, m the order na ithor, title of book, Ot prt 
name of publisher, and year of publication 


535 North Dearborn Street 


AMERICAN MEDICAL ASSOCIATION 


Chicago 10 


| 

LUSTRATIONS SHOULD BE UNMOUNTED. 

— 


TABLE OF CONTENTS 


VoLuME 19 MAY 1959 NUMBER 5 


ORIGINAL ARTICLES 
A Small-Plant Medical Service 
William W. Dickinson, M.D., Hartford, Conn 


Oxides of Nitrogen: Their Occurrence, Toxicity, Hazard 
Edward LeB. Gray, Ph.D)., Rochester, N. 


Air-Borne Castor-Bean Pomace Allergy 


Ronald L. Kathren, B.S.; Harold Price, M.D., and 


Silicosis in the Foundry—Medical Control 


The Biological Effects of Vanadium 
Charles k. Lewis, M.D., Rochester, N. Y 


Second Inter-American Conference on Occupational Medicine 


Johan J. Bloomfield, B.S Lima, Petits 504 


The Fate of Inhaled Particulates in the Early Postexposure Period 


Heinrich Brieger, M.D., and Charles W. LaBelle, Ph.D., Philadelphia. . 


Controlled Human Exposures to Malathion Aerosols 


Cancer of the Scrotum in Wax Pressmen 
|. Epidemiology 


N.V. Hendricks, Ch.E:., Linden, N. J.; C. M. Berry, Ph.D., 
lowa City; J. G. Lione, M.D., Baton Rouge, La., and 


524 


Il. Clinical Observations 


John G. Lione, M.D., Baton Rouge, La., and 
John S. Denholm, M.D., Westfield, N. 530 


The Industrial Hygiene of Uranium Fabrication 


William B. Harris and Irving Kingsley, New York..............0... 540 


REGULAR DEPARTMENTS 


; 
PAGE 4 
3/ 


A. M. A. 
Arehives of Industrial Health 


Also the Official Publication of the American Academy of Occupational Medicine 


VoLtuMe 19 


MAY 1959 NUMBER 5 


CopykicutT, 1959, py THE AMERICAN MEDICAL ASSOCIATION 


EDITORIAL BOARD 


PHILIP DRINKER, Chief Editor 
55 Shattuck Street, Boston 15 


RONALD F. BUCHAN, Boston 


SHERMAN S. PINTO, Denver 


JOHN H. FOULGER, Wilmington, Del. FRANK PRINCI, Cincinnati 

B. DIXON HOLLAND, Chicago OSCAR A. SANDER, Milwaukee 
R. T. JOHNSTONE, Los Angeles H. H. SCHRENK, Pittsburgh 
CARL A. NAU, Galveston, Tex. LEO WADE, New York 


HERBERT E. STOKINGER, Cincinnati 


J. F. HAMMOND, Editor, A. M. A. Scientific Publications 
GILBERT S. COOPER, Managing Editor, Specialty Journals 


SUBSCRIPTION RATES 


Price per annum in advance, including postage: Domestic, $10.00. Canadian, $10.50. 
Foreign, $11.50. Price to students, interns, and residents, $6.00 in U. S. & possessions 


Single copies of this and previous calendar year, $1.00. 


Back issues older than two years are available through Walter J. Johnson, Inc., 
111 Fifth Avenue, New York 3. Future reprints of back issues will be available through 
Johnson Reprint Corporation, 111 Fifth Avenue, New York 3. 


Checks, money orders, and drafts should be made payable to the American Medical 
Association, 535 North Dearborn Street, Chicago 10. 


AMERICAN MEDICAL ASSOCIATION Publication 


Published monthly by the AMERICAN MEDICAL ASSOCIATION. Editorial and Circulation Offices: 
535 North Dearborn Street, Chicago 10, Illinois. Publication Office: Thompson Lane, Box 539, Nashville 1, 
Tennessee. 


Second-class postage paid in Nashville, Tennessee. 


CHANGE OF ADDRESS: When there is a change of address, the Circulation 
Office of the American Medical Association should be notified at least six weeks before 
the change is made. The address label clipped from the subscriber’s latest copy of the 
publication and a statement of old and new address should be included. If there is a 
postal zone number, it too should be included in the new address. The instructions 
should state whether the change is permanent or temporary. 


1 
i 
4 


dosage problem with 
muscle relaxants? 


no problem with 


PARAFLEX 


Chlorzoxasone 


just 6 tablets daily 1s an 
average effective dose 


senefits of a le or 2-tablet dose persist for about 
6 hours, relieving pain and stillness and improving 
function in musculoskeletal disorders such as low 
back syndrome, sprains, strains, myalgia, fibrositis, 
and still neck. Side eflects are rare, almost never 
require discontinuance of therapy. 


Supplied: Vablets, scored, orange, bottles of 50. 
Rach tablet contains Par 250 me. 


| McNEIb) 


MeNeil Laboratories, Inc « ’hiladelphia 32, Pa. 


U.S. Patent Pending 240489 


‘ 
— 
“4 
7 
: 


an important problem 
in today’s living! 


available in one pamphlet for 50 cent 


ALCOHOLICS ANONY 


a member, the basic treat- 
ment procedures are d 


Mogical ‘ fronting the alcoholic_agg 
discussed. 


among methods of treatm 
by Walter L. Voegtlin 


INSTITUTIONAL FACI ES FOR THE TREATMENT OF ALCOHOLISM. 
parative differences, in drinki ith the last century, new establishments and 
treatment, lack of trained ol. by E. H. L. Corwin 


A disg 


16 pages, 20 cents 


HOW EXPERTS MEASURE 
room case. by H. A. Heise, 8 pages, 15 cents 


BARBITURATES, BOOZE AND OBITUARIES. A discussi 
alcohol and barbiturates. by Donald A. Dukelow, 4 pas, 10 y nts 


TWELVE STEPS FOR ALCOHOLICS, A fran 
behavior. by Richard Lake, 6 pages, 10 cents 


address requests to... 


ORDER DEPARTMENT 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET, CHICAGO 10, ILLINOIS 


The following articles from TODAY’S afca 
a 
necessity of help, causes of his condition. ees" A. Strecker and Francis y ant ore Jr. 
: THE TREATME COHOLISM, Tracing the steps from convip@ime the alcoholic 
that he is sick through treat Lewis Inman Sharp « . 
. CONDITIONED RE X TREATMENT OF CHRONIC ALCOHOLISM.” place 
today, its development and correlation with personality facto 
other pamphlets — 
ALCOHOLIS ASE. Chairman of the A.M.A.’s Gommittee 
on Alcoholism. by Marvin A. Block, nts i 
kg 
. I AM THE W F — Thrée articles combined, by Virginia Conroy, 
a efdangers of mixing 
| 
6/ 


vllergic 


common 
“outer eye’ 
disorders 


allergic blepharitis, traumatic 


ullergic conjunctivitis, 


»piscleritis) 


(foreign bodies, 
burns, 
abrasions, 
(acute catarrhal lacerations) 
conjunctivitis, 

ulceration, 

meibomitis, keratitis) 


inflammatory 


consistently respond to 


topical therapy with 


ME'TIM YD 


ophthalmic suspension 
prednisolone 0.5% plus sulfacetamide sodium 10% 


ointment with neomycin 0.25% 


Tissue destruction is halted, healing is set in 
motion by the anti-inflammatory, antiallergic 
action of prednisolone and the antimicrobial 
property of sulfacetamide sodium combined 

in METIMYD Suspension...and for an even wider 
spectrum of antibacterial effectiveness, 
neomycin sulfate is added in METIMYD Ointment, 
the ointment form assuring sustained therapeutic 
action through the night. 


SCHERING CORPORATION + BLOOMFIELD, NEW JERSEY 


MT-J-239 


Song 
t 
3 
: 
— : 


THE ADVISORY BOARD 
FOR MEDICAL SPECIALTIES 
ANNOUNCES ITS NINTH 


DIRECTORY OF 
MEDICAL SPECIALISTS 


63,900 Biographies-in-Brief of Diplomates, 
of Which the Following is Typical: 
HAGGERTY Keith D Cert OrS 46. b 
14 Indpls MD Northwest 40. Intern 40- 
42 Or Res 42-45 Chief Or Res 47-48 
Assoc Or (all at Indpls Gen Hosp) Or 
Res (Riley Hosp) 46-47 Assoc Or (Meth 
Hospital) (St Vineent’s Hosp) (all at 
Indpls). Instr Anat (Ind). MC AUS 42-45 
Battalion Surg. Awarded Bronze Star. 
AMA-ACS(F)-AAOS(F). 300) Broadway 

Indpls 8 
8,700 NEW LISTINGS 
Geographically arranged within Specialty Board 
groups 
Alphabetical index 
New, easier-handling 4-column format 


$23.00 


PUBLISHED FOR THE BOARD BY 
MARQUIS-WHO'S WHO, INC. 
CHICAGO II 


Of interest to you 


and your patients 


WHAT WE KNOW ABOUT ALLERGY 
by Louis Tuft, 12 pages, 15 cents 

HOUSE DUST ALLERGY 

by Karl D. Figley, 8 pages, 15 cents 
FOOD ALLERGY 


SKIN ALLERGY 
ASTHMA AND HAY FEVER 


RAGWEED AND HAY FEVER 
by Oren C. Durham, 2 pages, 5 cents 


AMERICAN MEDICAL ASSOCIATION 


North Dearborn Street @ Chicago 10 @¢@ 


H EDUCATION 


REAU OF HEAL 


‘AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 
10. ILLINOIS 


‘THE MENACE OF ALLERGIES 


by Samuel M. Feinberg, M.D., 6 pages, 10 cents 
by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


by Samuel M. Feinberg, M.D,, 6 pages, 10 cents 


Illinois 


HEALTH: PUBLICATIONS CATALOG 
8/ 


WILLIAM W. DICKINSON, M.D., Hartford, Conn. 


Preface 


Industry is the setting for the drama of 
increased production, automation, and atomic 
power since World War II. This new act 
in industrial life has been instrumental in 
creating more and more problems in the 
physical, mental, spiritual, and social phases 
of our lives. The Hartford Small Plant 
Medical Service was formed in 1946 to meet 
these times. Various 
articles have previously described the Sery 
ice.! 4.6.8 


challenges of the 


For the continued success of this ser 
medical 
service, We must always consider the welfare 


ice and any other small-plant 
of the employee, union requirements, man 
agement policies, and compensation laws. 
All of these considerations must be inter 
woven in the fabric of preventive medicine 
with the welfare of the human being 
uppermost in mind, since he is the integral 
unit of productivity. 

Briefly, it is interesting to that 
nationally about 99% of our employers in 


note 


1952 had less than 500 employees each 
that the industrial 


frequency was reduced by 75 


and national accident 
between 
1926 and 1954.2 The practice of medicine 
was being applied to industry especially 
from the preventive point of view. Absen 
teeism rates were cut in half; labor turnover 
rates, cut in half; compensation costs, re 
duced two-thirds, and 
costs, reduced 400-500. 


accident-sickness 
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Medical Director, Small Plant Medical Service 


of Hartford, Conn 
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A Small-Plant Medical Service 


As of 
approximately 


1956, in Connecticut there were 
manufacturing plants 
employing over 500 employees each and 
2.400 than 500 
employees each,’ a fertile soil indeed for 


about with less 


plants 
the development and continuation of small 
plant medical services. Also of great interest 
is the fact that Hartford Small 
Plant Medical was 
1946, the frequency injury in 
Hartford area was 14.78, and in 1956, the 


when the 
Service established in 


rate of 


frequency rate was 5.62. The severity rate 
in 1946 was 536, compared to 151 in 1956. 
A close look at the Small 
Plant Medical Service over this same period 
will illustrate its value. 


record of the 


Administration and Achievements 

Visualize a city of 500,000 people, and 
you will see the number of people adminis 
tered to by the nurses and doctors of the 
Service years——actually 570,950) pa 


tients. l:mployees im our plants have 


averaged 3,000, with 450 lost-time cases in 
10 years, rendered 
service to 120,000 no-lost-time cases and al 


In addition, we have 
most 400,000 non-company-connected cases: 
12,500 doctor’s examinations were given, 
and 38,000 doctor’s consultations were held, 
medical visits per 
The Medical 


has covered 37,500 miles between plants. 


an average of 
employee per year. Director 
The accident and severity injury experi 
ence in Table 1 presents continuing improve 
ment after 10 years. 
Before continuing to study the typical 
achievements of several plants, let us con 
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A, 
1.—Annual Reports of Injury * 


1957 1956 


Company Frequency Severity Company Frequency Severity 


A 5.BY 386.0 A 14.6 140.6 
B 10.345 165.29 B 10.68 425.60 
Cc 0 0 7.33 286.03 
D 2.70 130.0 D 2.59 49.24 
EK 1.21 8.5 E 3.12 49.03 
F 1.22 6.0 F 6.15 130.10 
G 0.7% 50.05 G 2.98 117.87 
Av. com- 3.592 106.54 6.77 171.21 
pany 


* Average company, Hartford County: employees total less 
than 500 each. Member plants of Manufacturers Association, 
for 1957, frequency 16.32, severity 348.0; 1956, frequency 18.56, 
severity 635.0. As can be readily seen, the over-all average of 
frequency of injury was one-fifth that of the Hartford area and 
the severity rate was one-third for the year 1957. 


sider the mechanics of the Service. I, as 
the Medical Director and only physician 
in full-time attendance, meet in May and 
November with a representative of each 
plant. With the coordinator of the Service, 
Mr. It. Grant, Vice-President, Allen Manu- 
facturing Company, problems — affecting 
each member plant are reviewed. A schedule 
of visits, according to need, is established. 
Three members currently require two visits 
weekly, with a minimum of two hours 
allotted to all plants. Two plants require 
five hours weekly, one plant six hours a 
week, and the remaining plant eight hours, 
divided into four visits a week, On_ the 
basis of a 40-hour week, I visit three or 
four plants each day and have four hours 
unscheduled for hospital, clinic, or other 


No. 
Employees 


Year 


Man 


1947 171 

1048 161 

1949 92 165,259 
1950 207 387 
1951 225 402,270 
1952 273 472,106, 
1953 232 403,472 
1954 162 242,231 
1955 165 256,438 
1956 198 390,704 

Sept. 


1957 1y2 


286,375 


* Joined Small Plant Medical Service, 1948. 
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TasLe 2.—Results of Small-Plant Medical Service in Company D 


t Severity rate figured on 1,000,000 hours’ exposure; previous years on 1,000 hours 


visitations pertaining to the interests of 
the Service. Each nurse has a copy of my 
schedule and can 


reach me within a few 
moments during the 40 hours of the week. 
Ikach nurse is supplied with a copy of 
“Procedures” for common and/or emer- 
gency treatments. All examinations for 
purposes of employment, work placement, 
transfer, and retirement physicals are per- 
formed by the Medical Director. Naturally, 
all injuries are referred to me, and when 
further consultation and treatment are in- 
dicated, appropriate referral is made. Con- 
fidential records are kept in each dispensary. 
When questions of physical fitness develop, 
an opinion is transmitted to the personnel 
office stating the ability or inability of the 
employee to undertake the physical demands 
of the job under discussion. 

Other duties include minor surgery, ex- 
aminations for and 
and referral of any employee to his family 


illness, consultations 
physician for non-company-connected con 
ditions when indicated. 
held 
management, especially the foremen, regard- 
ing are 
visited on the job and at their machines. 


In addition, con- 


sultations are with members of 


employee problems. Employees 
Routine cafeteria and sanitary inspections 
are also the responsibility of the medical 
department. 


ach nurse completes a daily record of 


all dispensary visits, tallying them each 
month for report to the personnel depart- 
ment. 


Lost-Time 
Injuries 


Frequency 
Rate 


Severity 
Rate 


109.9 3.0 

23 42.0 * 1.0 

3 17.6 1.2 

0 0 0 

3 7.5 0.2 

9 17.5 23.48 

2 4.9 1.2 

3 8.2 0.297 

2 140. 

1 2.59 49.24 
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TABLE 3.—Results of Small-Plant Medical Service 


in Company I: 


Lost- 
Man Time Days Frequency Severity 
Year Hlours — Injuries Lost Rate Rate 
1945 21.7 270.0 
1946 19.5 240.0 
1947 25.9 410.0 
19458 865,092 12 225 13.8 * 260.0 
1950 727,608 5 15 5.35 16.0 
1952 851,507 4 sO 4.68 93.0 
1954 909,677 2 4y 2.19 53.0 
1956 958,487 3 47 3.12 49.04 


* Joined Small Plant Medical Service, 1948. 


Tables 2-5 show the results of our efforts 
in four companies, typical of all seven. 

Company D joined our group in 1948, 
and enjoyed an accident rate decrease of 
93%, shown in Table 2, as have the other 
companies. 1948, 


Company [ joined in 


year by year. Plotting the rate month by 
month and superimposing the scale upon 
a series of years offers no uniformity of 
pattern, except for the seasonal increase of 
1.5% and March, 


repeated in September and October. 


each also 


The 


seasonal increase is due to viral infections 


February 


of the respiratory and alimentary systems. 
Detailed records of one plant reveal that 
75 of absenteeism is due to illness, 10% 


to leave of absence, 200 to excused absence, 


with the remainder unexcused. [Previous 
articles have shown in detail the direct 
effect of a medical service absentee 


12 


Dispensary Visits 


Table 6 shows the plant variations im 


dispensary visits for company connected 


TasL_e 4.—Results of Small-Plant Medical Service in Company | 

Lost-Time Permanent Days Frequency Severity 
Year Man Hr. Injuries Disabilities Lost Rate Rate 
1944 HOO, 272 7 1 242 11.9 
1948 630,189 s 2 1,630 12.6 2.600 
1952 635,299 5 2 286 11.2 i) 
1954 705,267 1 0 4 1.41 * 19.0 
1955 742,617 5 0 167 SSS 224.5 
1956 813,185 5 0 106 6.15 130.10 
1957 SI8,511 1 0 1.20 6.1 


* Joined Small Plant Medical Service, January, 1954. 


and the accident rates dropped 62¢¢ next 
year and 78% as of this date, as shown in 
Table 3. Company I’ (Table 4) had a high 
of eight lost-time injuries in 1948, with 
two permanent disabilities and high fre- 
quency and severity rates. After member- 
ship in the group in January, 1954, the 
frequency and severity rates dropped 68 
first year and 900 as of this date. Com 
pany G (Table 5), a charter member in 
1946, experienced an accident rate decrease 
of 880 on current analysis. 

These plants, manufacturing diversified 
metal products, have different problems 
but exemplify unity of action, as may be 
detected in the Tables. 

Absenteeism 

Absenteeism ranges from a low of 2.40 

toa high of 3.300. This is the average range 


Dickinson 


injuries, non-company-connected conditions, 
doctor examinations, and doctor consulta 
the 1956. This 
typical of most other years. It is interesting 


tions for year record 1s 


to note in Table 6, regarding visits per 


Taste 5.— Results of Small-Plant Medical Servite 
in Company G 

No Lost 

Em Time Days Frequency Severity 
Year ployees — Injuries Lost Rate Rat 
1942 sO) 1,684 
1943 34 
26 157 14.28 15s 
1946, Hol 23 106 21.35 610 
1948 543 3 157 3.0 157 
1950 2 236 2.15 254 
1952 615 3.05 76 
1954 200 144 220) 
1956 701 4 158 2.08 HI7.8 


* Joined Small Plant Medical Severice (Charter 
1946 


Member), 
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A 


TABLE 6. 


Company 


Company Employees Connected 


5.0 
19.6 
4.0) 
6.2 
7.0 
2.9 


44 


Average 701 


* Remaining 4 br. for hospital visits, clinics, ete. 


employee, that the average non-company- 
connected dispensary visit is 11 visits per 
employee per year, as compared with seven 
visits per employee per year for company- 
connected reasons. The average number of 
employees was 359, and the average total 
of dispensary visits per employee per year 
for all reasons was 18 visits. 

The average total of physical examina 
tions was 176 for each of the seven plants, 
with almost three times as many consulta 
tions conducted. 

Table 7, depicting the . turnover 
employment figure, 
accident 


rate, 
average absenteeism 


for 


It shows 


percentage, and experience 
Company G, 1s self-explanatory. 
the typical reduction all experiences, 
practically 500¢ absenteeism reduction, over 


tion 


turnover reduction, over 75% reduc- 


in no-lost-time accidents per 100 


TABLE 7.- 
Company G: 


Monthly Turnover, 

Monthly 

Av. Em Absence, 
ployment 


Hartford 


Yeur Area 


Company 
1943 
1044 
1045 
1046, 
14s 
1050 
1952 
1954 


S17 
Hus 
5) 


5.3 
1.4 
42 
4.3 
28 


534 
425 
632 
701 


M 


Noncompany- 
Connected 


Results of Personnel-Medical 


No. Lost- 
Time Acci- 
dents /100 
Employees 


A, ARCHIVES OF INDUSTRIAL HEALTH 


Dispensary Visits per L:mployee 


Doctor 
Exams 


Doctor 
Consultations 


Doctor 
‘Total Service 
13.4 1G7 

30 
135 
263 
163 
151 
324 


200 


176 Total 


, at the discretion of the Medical Director. 


employees, with similar percentage decreases 
of accident frequency and severity rates. 


Vaccine Program 


Our plants have pursued a policy of 
offering Types A and B influenza injections 
each fall and winter. Naturally, there has 
been considerable employee interest for the 
past two the Salk and Asiatic 
The Hartford County 
Medical Society rendered the opinion that 


in 
influenza vaccines. 


years 


company-sponsored programs would not be 
considered unethical, inasmuch as no profit 
was involved. Two of our plants made the 
Salk at 
employee it. Management 
actually paid for the vaccine, and, in turn, 


vaccine available cost to each 


who wanted 
the money received from employees was 
turned over to the Polio Foundation in one 
plant and in the other given to the Recrea- 


Turnover Rate, Average Employment, Absentee Percentage, and Accident Experience at 


Program Summary of 


One Company 


Frequency Severity 

Hartford 

County 
Area 


Ilartford 
‘ounty 
Company Company Area 
18.43 
15.48 
7.Al 
21.35 
6.78 
3.0 
2.78 
2.15 
3.95 
4.34 
2.98 


22.37 
18.18 
12.40 
10.52 
9.70 
9.39 
7.90 
8.15 
7.56 
6.34 
585 


0.455 
0.321 
0.104 
0.610 
0.148 
O.157 
0.150 
0.254 
0.076 
0.220 * 
117.87 


0.353 
0.713 
0.338 
0.481 
0.350 
0.416 
0.324 
0.293 
0.330 
165.93 
214.82 


* 1954 severity rate figured on 1,000,000 hr. exposure. Previous years severity rate figured on 1,000 hr. exposure. 
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19, May, 1959 


Wk 
252 12.0 
Cc 240 
4.0 
482 22.7 
368 5.8 
— 
1.2 
3.6 
1.5 
3.8 
1.2 
0.6 
: 24 0.5 
1.7 0.3 
2.9 
2.3 0.8 
21 0.57 


SMALL-PLANT MEDICAL SERVICE 

tion Fund. Four hundred ninety employees 
received a complete Salk vaccine administra- 
tion. Since 1956, 3,800 
Asiatic vaccine injections were administered, 


October, some 


including booster doses. 


Recommendations 


An optimum total of 3,000 employees for 


a small-plant medical service is recom- 
mended, with a full-time physician and one 
or two registered full-time nurses for each 
dispensary depending upon the particular 
needs. It is not desirable to have plants 
separated by more than three to five miles, 
except Where unusual transporation facilities 
are available. 

A city like Hartford can be divided into 
sectors, each comprising about 3,000 em 
ployees and constituting small-plant 
medical service such as ours. [Eventually in 
a logical central location should be an 
industrial clinic, composed of a medical 
director for all sectors, nursing staff to 
assist handling all minor to major surgical 
cases, X-ray examinations, controversial 
physical examinations, and evaluations. The 
clinic would also contain laboratory facilities, 
electrocardiogram equipment, audiometric 
soundproof facilities, and office space for 
our visiting specialist consultants on the 
panel. Transportation facilities would be 
available for all supporting members with 
the cost apportioned to each member ac 
cording to the amount of service received, 

Industry is expanding in proportion to 
our ierease in population. Industry is 
undergoing dramatic change as the result of 
automation, atomic power, and isotopes."! 
Large plants long ago recognized the need 
Small 


for and value of medical services. 


plants have similar problems. 

This discussion would be utterly incom 
plete without paying real tribute to our 
nurses who not only form the framework 
of the Service but also add_ that priceless 
touch of finesse. Registered, specialists in 
their own right, they average 10 in number, 
most of whom have been with the Service 
We all the 


since the beginning. know 


Dickinson 


characteristics of the ideal industrial nurse, 
her patience, understanding, professional, 
adminstrative, and counseling abilities, all 
interwoven with 
managerial policies. 


company loyalty and 


Summary 

The Small Plant Medical Service of 
Hartford has contributed to industry the 
benefits of preventive medicine and health 
education extending to the family physician 
and community at large. | have presented 
the numerous accomplishments of the serv- 
ice, formed in 1946, to the plant members, 
with the benefits being enjoyed by both 
management and employees over a 10-year 
period and extending into the second decade. 
There are savings derived from a medical 
service that can be figured in dollars and 
cents which have not been included in this 
paper. Other benefits, equally valuable, are 
(1) health stability of the labor 
optimum production 


as follows: 
force; (2) through 
proper job placement in a healthful environ 
ment; (3) decrease in litigation; (4) en 
hanced security and good will. 

In the period of 10 years, 470,950 patients 
were treated for company- and non-com 
pany-connected conditions, and there were 
18.5 medical visits per employee per year. 
| have presented figures of marked redue 
tion in the frequency and severity of injuries 
and reduction in labor turnover. 

Some of the administrative details have 
been discussed and reduction of absenteeism 


full 


time physician and a registered nurse as 


and vaccine programs presented. A 


signed to each dispensary of the seven or 


eight) small-plant members can render 


valuable service to an optimum of 3,000 
employees. 

As a recommendation, any city or area 
could be divided into sectors. [ach sector 


would comprise small-plant medical 


service, and in a_ logical central location 
could be an industrial clinic, supported by 
all sectors, and rendering valuable con 
sultatory service to all sectors. 

The Hartford Small Plant Medical Sery 
entered second decade of 


ice has into its 
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after 10 
experience. Another 


service years of 


similar 


gratifying 


service has 


been reported in New Haven, Conn." 
Our Hartford Small Plant Medical Serv- 
ice is growing in quality of service and 


insight into these new problems as_ they 
develop. Our first decade has served as a 
We have 


the potential for expansion; the possibilities 


good foundation of experience. 


are limitless. 


Small Plant Medical Service of Hartford, Conn., 
Drawer 570 (2). 
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Hazard 


A Brief Review 


EDWARD LeB. GRAY, Ph.D., Rochester, N. Y. 


The need for a discussion of the toxicity 
of the various oxides of nitrogen arises 
from the conflicting nature of the existing 
data and, as a result, confusion as to what 
might be considered dangerous contamina 
tion by these compounds. A vast literature 
has grown up in this field, There will be 
no attempt to deal with this exhaustively. 
An adequate background to the problem can 
be obtained from Von Oettingen’s ' excel 
lent review, This article will concern itself 
with an attempt to point out the wide dif 
ferences toxicity obtained various 
laboratories and if possible, try to reconcile 
these differences, It will also try to point 
the way to further areas of research which 
may clarify the picture. 


Toxicity of Various Oxides of Nitrogen 
The 


nearly ubiquitous industrywise, 


hazard from “nitrous fumes’’ is 
It may be 
present in are welding, acid dipping of 
brass or copper, cleaning of aluminum or 
copper vats with nitric acid, nitration of 
organic compounds, and mining and 
blasting, explosives being largely nitrated 
compounds, Since nitric acid is frequently 
used as a jet fuel, the oxides can be a very 
real hazard around airports where planes 
using this fuel are being flown. City smog 
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Oxides of Nitrogen: Their Occurrence, Toxicity, 


is also suspect. When film base was made 
of cellulose nitrate, many projection booth 
fires resulted in toxic concentrations of 
these oxides, and included is one notable 
disaster, that at Cleveland Clinic.2* Since 
then this risk has been largely eliminated. 
Toxic levels may be encountered from 
spillage of nitric acid or from broken car- 
boys of the same acid. This latter occurs 
frequently and is extremely dangerous if 
the spilled acid comes in contact with or- 
ganic material such as wood flooring, paper, 
sawdust, as the action of nitric acid on 
these materials is an autocatalytic oxidation 
with the production of NO» fumes, often 
in lethal concentrations. Even the farmer 
is not always immune, as is evidenced by 
niirogen dioxide pneumonia—"‘silo 
disease” 
4-4 


filler’s 


occurring farmers who fill 


silos. The NOs comes from inorganic 
nitrate in the plant and may range from 
200-4000 ppm during the first week after 
filling.4 

The oxides of nitrogen have been given 
an MAC * 
tration) of as high as 40 ppm,’ but. the 
generally 


25 


(maximum acceptable concen 


accepted figure has been 


ppm or in some cases 


Recently the American Standards Associa 
tion has adopted a figure of 5 ppm for 
NOs and 10 ppm for HNOs." 

Two questions which present themselves 


immediately are what compounds — are 


present in the group of oxides or “nitrous 


*A generally accepted definition is the average 


maximum concentration to worker can 
be exposed for eight hours daily for an indefinite 


period 


which a 


without incurring injury or occupational 


disease 


15/479 


. 


A. 
fumes” whose toxicity it is necessary to 
determine and what is the contribution of 
each to this toxicity. 


The oxides of nitrogen include NoO, 
NO, N2Os, HNOs, NOs, NeOy, HNOs, 


and N2O;. The following may be excluded 
from consideration as potential hazards: 
N»O, which has to be in concentrations 
approaching 90% to be dangerous and then 
principally from anoxia; N2Os, which im- 
mediately decomposes to NO and NOs; 


HNOs, where NO and NOs would be 
toxic by-products; HNOs, whose fumes 
are not lethal bearable quantities 


and which, while they do exist 
in the gaseous phase, are for practical 
purposes curiosities.’ 

N2O 5, which decomposes to NO, NOs, 
and water !® but is stable in the presence of 
©, and in this connection may be an in 
dustrial hazard, represents a special case 
which will be considered separately. 

This leaves for consideration NO, NOs, 
and NeO, is in equilibrium with 
NOs, the percentage of each being fixed 
by the ambient temperature. Therefore, for 
convenience, the equilibrium mixture will 
be referred to as NOs, The long list of 
oxides thus is condensed to two. cases: 
(a) NO and (b) NOs=N.2O,; these will 
be discussed in some detail. 

A few useful methods for the determina 
tion of the oxides in a given mixture are 
listed, First for determining 
total oxides. A usual procedure is to oxi- 
dize all the oxides to nitrate and then to 
determine the nitrate by its reaction with 
phenols 


are those 


such phenoldisulphonic acid, 
with the formation of color.7 Nitrate may 
also be determined by using 2,4-xylenol as 
the phenolic constituent.15 NO may be de 
termined by difference, a procedure which 
can be unsatisfactory. deter 
mined NO by employing liquid nitrogen. 


Silverman 


This freezes out all of the oxides except 
NO, which 
standard methods. 


can then be measured by 
Wade and Elkins *° de- 
termined NO by passing the mixture over 


silica gel, which absorbs the NOs. It can 
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also be determined by infrared absorp- 
tion.* NOs is usually measured by diazo- 


tization of an aromatic amine by the 
nitrite formed from the NOs and_ then 
coupling with an aromatic compound, 


usually an amine, to form a color. Satisfae- 
tory methods are those of Patty and Petty, 
whose method is based on the well-known 
Griess-Ilosvay reaction,?* of Saltzman,?* 
and of Shinn.*4 NsO; has been determined 
as a total nitrate. 


A brief résumé of the toxicity of the 


oxides to be discussed follows. A point 
which needs repeated emphasis is that NO 
and NQOs are so interrelated that often a 


discussion of one of necessity blends with 
the other. The interrelationship is the crux 
of the toxicity problem for nitrous fumes. 
NO. 
that (nitric 
oxide) poisoning in humans are reported in 
the literature. stated — that 
0.031 vol. Ge (310 ppm) was nonfatal to 


Von Oecttingen! has pointed out 
no cases of nitrogen oxide 
Pflesser 
animals after eight hours of continual ex 
posure. This is about four times the LCs 
NOs for rats after four hours’ 
exposure found in our laboratory **: this 
value was 88 ppm with 19/20 with confi 
dence limits of 79-99 ppm. It 


value of 


is evident 
that these two oxides have toxicities that 
are of different orders of magnitude. The 
best evidence appears to be that NOs is 
about four to five times as toxic as NQ. 
This is a point to keep in mind, 


animals are confusing, 


Results with various species of 
LaTowsky, Mac 
Quiddy, and Tollman,?* using five species 
of animals—cats, guinea pigs, mice, rab 
bits, and rats—found that at 55 ppm of 
NOs death might occur after two to three 
hours’ exposure. We found that in a four 
hour exposure period with dogs, death 
occurred at 65 to 75 ppm, and with rats 
deaths were observed at levels as low as 
53 ppm.” Table 1 gives a summary of the 
LLCs9’s for rats exposed to Diggle 
and Gage ™ found pulmonary hemorrhage 
rats after exposure to 
43 ppm of NOs for four hours. 


but no edema in 
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Taste 1—Acute Exposure of Male Rats to NOs 
Exposure L. C.s0 (19/20 L.Ct (19/20 
No. of Time, Confidence Confidence Limits), 
Runs Min. Limits), Ppm NO: Ppm NO+Min 
3 2 1,445 * 2,890 
2 5 833 * 4,165 
6 15 42()( 362-487) 6,300(5,430-7 
10 30 174(154-197) 5,220(4,620-5,910) 
10 60 168( 153-185) 10,080(9, 180-11, 100) 
240 88(79-09) 21,120(18,960-23,760) 


* No confidence limits. 


In contrast, Mlury and Zernik,*’ cited by 
Patty! state that with cats, mice, and 
rabbits, NOs in concentrations of 110-125 
ppm showed no effects after six to seven 
hours’ exposure. Harrold, Meek, and Me 
Cord *?:33 have reported that the threshold 
of harmful concentrations of nitrogen 
oxides calculated as NOx for prolonged (at 
least three days at six hours a day) ex- 
should be 
noted that the authors admit that generous 
amounts of NO were present. While at 
55 ppm LaTowsky, MacQuiddy, and Toll- 
with our find 
ings,27-7 at 100 ppm, the average time to 
produce death was five and one-half hours ; 
at 150 ppm, one and one-half hours; at 
200 to 400 ppm, three-fourths to one hour ; 
at 600 to 800 ppm, 30 minutes, and at 
1000) ppm, 19 figures 
much less toxicity than we found. 


posures lies above 70 ppm. It 


man's ** results agreed 


minutes, showing 

These 
figures were obtained by the phenoldisul 
fonic acid method, and thus are a measure 
of total nitrate. Valada** has reported that 
the M. L. D. (minimum lethal dose) for a 
half-hour exposure for dogs, rabbits, 
guinea pigs, and rats was of the order of 
532 (1 gm/m*). In acute experi- 
ments using cats and rabbits, Lehmann and 
Hasegawa found that at 340-410 
ppm death occurred in_ slightly over an 
MacQuiddy, 
and Schonberger concluded that “NOs 
inhaled in 


ppm 
from 


hour's exposure, Tollman, 


concentrations in excess of 
100 ppm (125 ppm) four hours per day 
will eventually (measured in weeks) lead 
to fatal results.” 


Gray 


The results found with humans are 
equally confusing. Harrold, Meek, and 


McCord “* found that two men suffered no 
ill effects after three hours and 10 minutes’ 
exposure to fumes from electric are weld 
ing with an oxide content of 84 ppm, the 
high reaching 93 ppm. As they determined 
the oxide content by the phenoldisulfonic 
acid method, this figure again represented 
total nitrate. Lehmann and Hasegawa * 
stated that at 64 ppm there was moderate ir 
ritation of the larynx, at 100 ppm marked 
irritation and cough, and at 207 ppm severe 
irritation of both nose and larynx with 
cough and lacrimation. Table 2 summarizes 
their results. The figure of 40 ppm at one 
time frequently used as a maximum accept 
able concentration was obtained from their 
work, 

In experiments with rats of longer dura 
tion 9-14 ppm of NOs from red fuming 
nitric acid four hours a day, five days a 
week produced no deaths for exposures up 
but did 
changes after two weeks.’ 


to four weeks ause pathologic 


These changes 
were entirely pulmonary, emphysema and 
pneumonitis being present in all groups. 
However at 4 ppm, guinea pigs, mice, and 
rats effects 


for 


showed no after five or. six 
months’ 


exposure four hours 


a day, 
five days a week.** 
Observations on chronic exposure in 


Patty *! says, “Men ob 
served by the author working 6 to 8 hours 


man vary widely. 


daily in nitric acid recovery and fortifiea 
tion plants, where exposures ranged from 
5 to 30 ppm and averaged 10-20 ppm for 
periods up to 18 months, evidenced no sig 


TABLE 2 


Lffects of Nitrous Fumes on Man 
Concentration 

Lehmann’s Caleulated 
Figures is Mg/ Caleulated 

Mg/ Liter Liter as Ppm 

of HINO, NO NO; Result 
0.1 0.07 37 Tolerated for a few hours 
0.2 0.14 74 Borne only for ‘4 hour 
0.3-0.4 0.22-0.29 117-154 Directly dangerous 
0.6-1.0 0.44-0.73 234-388 Danger increased rapidly 
2.0 1.46 776 Kills animals quickly 
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nificant ill health nor were any characteris- 
tic adverse effects detected by periodic 
On the other hand, 
9 


medical examinations.” 
Vigdortschik 
symptoms of chronic poisoning in men ex- 


and associates *® reported 
posed for three to five years to a concentra- 
tion of nitrogen dioxide of about 2.5 ppm 
(5 mg/m*). reported head- 
aches from workers exposed to 7.5 to 
38 ppm of “nitrogen peroxide” near deep 
therapy x-ray. There is also a report of a 
factory having been abandoned because the 
NOs content reached 8 to 14 ppm (14 to 
25 mg/m*).41 To summarize, the animals 
exposed to proved concentrations of NOs 
demonstrated that lethal nature of concen- 
trations of 88 ppm inhaled for four hours. 
The 
fumes” are difficult to interpret because 
(NO to NOs 
content) has not been positively and quan- 
The lethal 
of NOv for human exposures is not known. 

toxicity of NOs; is conflicting. In 


reports of the effects of “nitrous 


the nature of the mixture 


titatively fixed, concentration 
The information available on the 
this 
present state no conclusions are possible. 
About all that can be done is to direct the 
attention of the reader to work being done 
in this field. The problem of NeOs; is in- 
timately connected with the toxicity of 
ozone, the former being present when the 
latter is prepared from air, When ozone 
is prepared from nitrogen-free sources the 
problem becomes one of ozone toxicity 
alone. 

is the anhydride of nitric acid. 
Apparently it is stable only in the presence 
of ozone. It is hygroscopic and in moist air 
goes rapidly to HNOs. NOs is converted 
to NoOs This 
occurs in the presence 


rather readily. reaction 
of ozone and as a consequence only small 
amounts of NOs are present as shown by 
Diggle and Gage.’ Gorodetskii in 1936 
also concluded that NeO; was the principal 
oxide found in the presence of ozone. lor 
referred to 


details the reader is 


43 


further 


Johnson and to Saltzman, 


Hyslop.** 
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Diggle and Gage '® became interested in 
N2O; because of the contamination of ozone 
with nitrogen oxides and their possible effect 
on ozone toxicity. From the work of 
Gorodetskii,** Johnson,** and others, they 
concluded that the principal 
contaminating oxide. Testing with this com- 
pound, they produced pulmonary edema in 
rats with a four-hour exposure to 9.7 mg/m* 
(about 2 ppm) and with 12 daily four-hour 
exposures at a level of 4.25 mg/m* (1 ppm), 
while with NOs, using the same species for 
the same length of exposure, at 80 mg/m* 
(42.5 ppm) produced — pulmonary 
hemorrhage but no edema, These authors 
found 


Was 


they 


NO; to be about three times as 
Os; the two gases 
mixed, their toxicities were additive. 


toxic as when were 

Thorp * quoted Frederick as postulating 
the existence of a new compound, irritating 
and toxic, formed by the action of ozone 
on NOs, which he called “nitrogen oxide.” 
This postulate was made to account for the 
disappearance of NOzs in the presence of 
ozone. The formation of NeO; would ac- 
count for the disappearance of NOx equally 
well. 

Stokinger’s group 4? has been unable to 
confirm the results of Diggle and Gage. 
They find NO; relatively innocuous and 
attribute the toxic effects to the Og present. 
The final answer to the toxicity of NoOs 
will have to await further work to resolve 


the conflicting results of these two groups. 


Pathology 


The pathology produced by oxides of 
nitrogen has been reviewed by Hamilton 4% 
and particularly by Von Oéettingen.! The 
latter, quoting Flury,’® distinguishes four 
types. Type 1 is the irritant type which 
terminates in pulmonary edema. Type 2, 
the reversible type, is characterized by 
dyspnea, cyanosis, vomiting, vertigo, som- 
nolence, intoxication, and finally loss of 
consciousness. There is methemoglobin 
formation but no pulmonary edema. Re- 
covery follows prompt removal from ex- 


posure, but if sufficient time elapses before 
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OXIDES OF NITROGEN 
removal death may occur, Type 3, called 
the shock type, consists of asphyxiation, 
convulsion, and respiratory arrest, death 
apparently being due to interference with 
pulmonary circulation, Type 4 is a mixture 
of types 1 and 2. Types 2 and 3 have the 
central nervous and gastrointestinal symp- 
toms and blood changes, including methe- 
moglobin formation, attributable to nitrite 
poisoning, and presumably follow the in- 
halation of NO. Type 1 develops after 
NOs inhalation. This statement is made 
categorically; in working with red fum- 
ing nitric acid and NOs we 
evidence of pathological 
organ save the lung 77-79 


found no 
change in any 
and no methemo 
globin, although this pigment was present 
after exposure to NO.*® Evidence of irri 
tation leading to pneumonitis, emphysema, 
and pulmonary edema was present. When 
death occurred the cause was pulmonary 
edema. Vathologically the action of NO; 
appears to be similar to that of NOs. 
Schultz-Braun in an extended investiga 
death 
oxides *’ has pointed out the similarity of 


tion from 


concerning nitrogen 
poisoning by those oxides to that of phos- 


gene both as to time of appearance of 
symptoms and as to the symptoms them 
selves. This similarity he makes plain by 
comparative figures drawn from the litera 


Table 3. The parallelism 
of the times of death is striking. 


ture, shown in 


Potts, Simon, and Gerard ®! have 


sug 
gested a mechanism for the toxic action of 
These 
authors feel that since the concentration of 


phosgene, diphosgene, and ketene. 
acid formed by these compounds is innoc 


TABLE 3.—Comparison of Toxicity of 


and Nitrogen Oxtdes 


Phosgene 


Nitrogen 


Phosgene Oxide 
Period in Which (105 Cases), (83 Cases), 
Death Occurs, Hr. % % 
0-24 58 56 
25-48 24 27 
49-72 10 10 
Over 72 s 7 


Gray 


uous, their toxicity is due to their ability 
to acetylate essential lung constituents. A 
comparable reaction of NO» might account 
for this similarity of action between it and 
phosgene. However, oxidative changes at 
the cell membrane might also account for 
the increased cell permeability. 


NO., the Health Hazard 


This brief résumé should act as a back 
ground to the principal problem, which is 
the hazard involved from oxides of nitro- 
gen and successful assessment of any given 
An 
explanation is needed of discrepancies ob- 
status of NoOs 
need not concern us at this point, as it is 


set of conditions for health hazards, 


served, The controversial 
usually not present in the mixture com 
monly referred to as oxides of nitrogen. 
lor practical purposes this leaves NO and 
NOn, NO, is admittedly 
much less toxic than the other.*® 

Wide 


pointed out. 


one of which, 


variations results have been 


How can such results as (a) 


exposure of men to an average of 10-20 
ppm for 1&8 months with no ill effects * 
and (b) exposure to 4 ppm for three to 


five years, producing definite symptoms of 


distress,” be Contrast a 


figure for the MILD in animals of 532 ppm 


rationalized ? 
for one-half hour exposure ** with an LCs» 
of 175 ppm for the same length of ex 
posure, using the same species.2* The most 
likely answer seems to lie in the facts that 
the mixture is 
roughly proportional to the amount of NOz 


the toxicity of gascous 
present and that sources of gas which pro 
duce mostly NO» show greater toxicity than 
sources from operations which produce 
large quantities of NO in the oxide mixture. 
Klkins* has pointed out that “the frequent 
association of nitrogen dioxide and_ nitric 
oxide, and the failure to distinguish be 
tween them, makes for difficulty in the in 
terpretation of some data on both animal 
and field studies.” He gives the following 
figures to show the distribution between the 


oxides in various situations.*? 
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NOs, % 
Carbon arc fumes 91 
Oxacetylene torch fumes 92 
Diesel exhaust 65 
Burning celluloid 81 
Dynamite fumes 48 52 
HNOs acid dip fumes 78 22 
To obtain these figures, Elkins and co- 
workers have employed silica gel, which 
according to them absorbs 80% of the NO» 
present. They also show by theoretical con- 
siderations of the kinetics of the reaction 
NO-NOzs that in concentrations of 25 to 
200 ppm the reaction in the presence of 
air goes sufficiently slowly so that large 
amounts of NO may be present for some 
length of time. They conclude that NOzs 
seems to be the harmful component. Silver- 
man and Husain ?® have shown that, while 
theoretical predictions based on the kinetic 
rate at which NO is oxidized to NOs do 
not hold experimentally in are welding, 
owing to such factors as ultraviolet radia- 
tion, ozone, iron fumes, and moisture, all 
of 
the NOs is but a small part of the total 


which affect the reaction, nevertheless 
nitrates produced in the process. 

What needs to be done to help clear up 
the 


There is 


confusion surrounding this subject ? 
work with NOs» 


and possibly with red fuming nitric acid, 


need for more 


Taste 4.—Paired [:xperiments 


Measuring Survival 


which is slightly more toxic (20%-25%), 
most likely because of the irritating effect 
of the acid. The results should be carefully 
checked both for lethality and for possible 
NO effects on blood, particularly methemo- 
globin formation, on the central nervous 
system, and on the gastrointestinal tract. 
It is conceivable that the amount of methe- 
moglobin formed gives a rough estimation 
of the amount of NO present in the mix- 
ture. 

There is also need for work with pure 
NO as a starting material. This presents 
a problem, for when NO is exposed to the 
air, oxidation takes place and_ therefore 
NOs will present. It 
would seem that the critical condition would 
be 


some always be 


an experimental atmosphere having 
toxic amounts of NO without having lethal 
amounts of NO» present. 

If these two types of experiments are 
conducted under conditions, 


much should be learned and the problem 


comparable 


once and for all put on a more rational 
basis. The same species of animal or ani- 
mals should be used for each group of ex 
that 


there is an appreciable species difference in 
25,36 


periments, for there are indications 


tolerance. Sex, age, and strain within 


a given species should also be comparable. 


Times in Minutes of Rats 


L:xposed to Lethal NO, Concentrations 


Males? Males? OY Old 
vs vs vs. Vs. Vs 


Young." 


Pairs Females Females Young? Young & 
7 124 Old 187) Old 215 

297 Y 106) 112 

745 Old Old vt 

\ 245 Y 49 Y 57 
NOs ppm 237 260 258 204 292 


Mean survival 7105 Old 112.) Old &8 


Av. wt., gm 


Age, days 
Cone 
time 


19/20 conf. | 
Mean survival 


(73-87) 


(93-116) (70-88) (106-118) 
86 Young 
time 

19/2) conf. 1. (99-131) (80-06) (87-99) 

Significance of No No Yes 
19/20 level 


(78-Us8) 
Young 
77 
(69-85) 
No 


(75-97) 


No 


Young Young 


Old Og Colony * Colony * 
vs vs. Vs. Vs. Vs vs. 


Young Young 


Colony 


Purchased Purchased Purchased 


7106 y P 
55 
221 52 24 26 


9 
120 120 


315 


317 
SON 


273 
Colony Colony 
(83-107) (62-80) (72-86) 
Pur. 127 Pur. Pur. 


200 
Colony 


(106-134) (105-135) 


285 S77 


(123-124) 
87 


(74-96) 
Yes 


(69-85) 
Yes 


(77-97) 


Yes 


LOS) 


(116-138) (71-91 
, Ves 


Yes No 


' This table summarizes unpublished work done by F. M. Patton, R.C. Daly, M. Maggio, and the author at Medieal Laboratories, 


Army Chemical Center, Md 


* Forty rats were used for each paired experiment, twenty rats being used for each member of the paired set 


’ These animals were the same age 


‘This refers to male rats from the Army Chemical Center colony tested against male rats purchased by competitive bid 
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OXIDES OF NITROGEN 


Indications are that small but significant 


differences may occur within the same 


species. In general mature animals are 
more resistant than young, and females 
more so than males. Variations from 


strain to strain are unpredictable. Table 4 
illustrates this in summary. 

This review has not attempted to review 
exhaustively the work done in this field or 
the pertinent literature. It has attempted to 
(1) 


confused 


do the following: 
the 
stands today, specifically naming the oxides 
likely to be present in 
fumes”; (2) to outline very briefly methods 


to give a_ brief 
résumé of situation it 


most “nitrous 


and 
pathological sequelae; (3) to attempt an 


of determination, causes of hazard, 
explanation of the discrepancies appearing 
in. the the 
(4) to point the way for 


literature as to toxicity of 
“nitrous fumes” ; 
further research needed in the clarification 
of the problem. 

Dr. Harold C. 


Hodge assisted by making sug 


gestions in the selection and arrangement of 
material for this review. 
260 Crittenden Blvd. (20). 
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Air-Borne Castor-Bean Pomace Allergy 


A New Solution to an Old Problem 


RONALD L. KATHREN, B.S.; HAROLD PRICE, M.D., and JACK C. ROGERS, B.S.C.E., Los Angeles 


Castor beans castor-bean 


pomace 
have been known as potent allergens for 
more than four decades.'| Surveys of the 
literature reveal many case reports in which 
sensitized persons have shown allergic re- 
actions to minute quantities of the pomace. 

Recently, reports of sensitivity to castor 
bean pomace have appeared rather frequent 
ly in abstracts of foreign literature, with 
a few scattered 
journals. 


reports in the American 
Solution of the allergy problem 
is usually reported as being accomplished 
by one or more of these methods: (1) re 
moval of the affected person from the area ; 
(2) discontinuing the use of the pomace ; 
(3) exhaust ventilation and entrapment. 


General Principles 

Castor-bean pomace is the solid residue 
remaining after extraction of the oil from 
the bean of the tropical plant Ricinus com 
munis. Oil 
(1) 
mechanical crushing, grinding, and press 
ing. 

Of these 


more efficient and leaves a more desiccated 


extraction is accomplished 


either by use of a solvent, or (2) 


two methods, the former is 
residue. The residue, known as pomace in 
the trade, is a good source of nitrogen and 
is used widely in fertilizers. 


Castor-bean pomace contains potent 


toxalbumin known as ricin and a separate 
allergen which causes allergic reactions in 
sensitized persons.?* The oil, after extrac 


tion, does not contain either of these frac 
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Industrial 
Consultant 


tions.*| The allergic symptoms manifested 
by sensitized persons on inhalation of the 
are bronchial and acute 


pomace asthma 


rhinitis. Dermatitis and conjunctivitis can 


also develop upon contact.*® 


Comment on Case and Investigation 

The case in question began when 4 work 
ers out of a total of 70 in a pipe-recondi 
tioning plant experienced sudden and severe 
asthmatic symptoms which resulted in time- 
loss injuries. Onset of symptoms occurred 
essentially at the same time in each of the 
men, 
directed 
toward the possibility of a hazardous mate 


’reliminary investigation was 


rial within the pipe company itself. A com- 


plete survey, however, yielded no such 


that the af 
flicted men were assigned to different tasks 


evidence. It was also found 
in widely separated areas of the plant. 
These factors led to the conclusion that the 
might be due to an external 
air-borne agent. 


“epidemic” 


Suspicion was directed toward a fertilizer 
plant located across the street about 250 
yards from the pipe company, which just 
recently had 


started sacking castor-bean 


pomace. A survey of this plant revealed a 
dusty mixing and sacking operation which 
was partially exhausted. No visible dust 
could be seen on the outside of the plant, 
although during loading of bulk materials 
from trucks to hoppers some was evidently 


pre xluced. 


that 
tion existed between the onset of symptoms 


It was established a direct correla- 
and the use of the pomace. Symptoms ap- 
peared the day the pomace was first brought 


in, and recurrences of the asthmatic attacks 
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coincided almost exactly with dates and 
time of day that the pomace was being 
sacked, Checks with the Weather Bureau 
placed the pipe company downwind of the 
fertilizer plant with respect to the normal 
prevailing wind patterns. Furthermore, a 
survey of industrial plants also in the area 
upwind from the pipe company yielded no 
processes or chemicals that could be impli- 
cated in this case. 

Histories of the afflicted men were taken, 
and in all four cases prior contact with 
castor bean pomace or fertilizers of un- 
known composition was recorded. It was 
felt to be of some small significance that 
the men had worked for the pipe company 
an average of more than 20 years each, with 
the symptoms appearing only recently. 

The following conclusions, based upon 
the above data, were made: (1) that this 
outbreak was directly attributable to the 
castor-bean pomace used by the fertilizer 
plant; (2) that subvisible particulate desic- 
cated castor-bean pomace was being carried 
for a distance of about 250 yards into the 
yard of the pipe company by the prevailing 
winds, 


Control of the Problem 


The control of the atmosphere dust would 
have to be one of elimination, as removal 
of the affected workers was obviously im- 
practical. Several means of control were 
devised and rejected as being nonfeasible 
on the basis of cost and convenience. These 
were as follows: (1) cessation of the use 
of all 
enclosure of the operation with adequate 
exhaust ventilation, and (3) limiting the 
the pomace 


when wind velocity would not carry the 


castor-bean pomace; (2) complete 


use of castor-bean to times 
particulate matter across the street. 

Before any of these radical plans were 
attempted, it was recommended to the fer- 
tilizer company that if the dust could be 
moistened, control might be afforded by the 
increased size and weight of the particles. 
As the company had been using the solvent 
extracted desiccated pomace, it 


Was sug: 
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gested to them that they the 


mechanically extracted oily residue. 


use 


The change was effected, and in the space 
of approximately one month the pomace 
No 


recurrence of symptoms was noticed on six 


was used on eight separate occasions. 


occasions; on the other two some. slight 
irritation was present. 

It was felt by the pipe company manage- 
ment that a real solution to their problem 
had been achieved. It 1s of interest to note 
that the pipe company was not informed of 
the type of corrective measures used, 

The use of the oily type pomace appeared 
to be at least partially successful in the 
control of the allergic syndrome. In some 
instances, the substitution of the oily pom- 
ace for the desiccated one may result in 
complete control of the allergy problem. 
It was reported also that the use of the 
substitute material greatly reduces the 
quantity of visible dust. 

Although this method may well prove 
successful for control of external air-borne 
allergy, it obviously cannot -be used to 
prevent a sensitized individual in the plant 
from exhibiting symptoms. Other limita- 
tions to this method are the availability of 
the oil pomace and the lower efficiency of 
extraction 


oil removal by the mechanical 


method. 


Summary 

An air-borne outbreak of allergic reac- 
tions to castor-bean pomace was reported in 
four employees of pipe-reconditioning 
company, 

Investigation revealed this company to be 
downwind from a_ fertilizer-sacking plant 
and that the use of the pomace coincided 
with the occurrence of the syndrome. 

Control was effected by the substitution 
of an oily type pomace for the desiccated 
material then in use. 

Los Angeles City Health Department 
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Introduction 


Silicosis has been a constant hazard in 
the foundry industry: as the industry grew 
the problem became greater. In 1942 silico- 


sis aS an industrial disease became com- 
pensable in’ the Province of Quebec. 
Measures to minimize the hazard were 


earnestly sought. As early as the pressure 
of war-years production would permit, ex- 
the entire 
modernization of the foundry where [ was 
then Medical Officer. This modernization 
program, equipment and its installation, was 
completed in 1954 at a cost of $4,000,000. 
Following its completion a comprehensive 
survey, undertaken by the Director of In- 
dustrial Hygiene of the Province, showed 
that in all areas of the foundry the concen- 
tration of silica dust in the atmosphere was 
within safe limits. The foundry program 
now is directed toward maintaining this low 
level of silea dust in all areas, and toward 
a detailed study of the medical control of 
silicosis as a disease occurring in any past 
or present employees. 


tensive plans were made for 


Silicosis is recognized as a disease with 
great variability. The intensity of the active 
process in the lungs is directly proportional 
to the intensity of the silica dust exposure. 
The course of the disease may follow four 
phases: (1) the exposure phase; (2) the 
progressive phase; (3) the disability phase ; 
(4) the terminal phase. It is known that 
the exposure phase can be (a) light and 
prolonged or (b) intense and short. The 
phases following are correspondingly 
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varied, with the result that the disease, on 
the one hand, is minimal and causes no 
disability, and, on the other hand, may be 
rapidly fatal. 

When exposure is light and prolonged, 
the progressive phase is late and prolonged 
The 
resulting disease may be minimal and never 
attain the disability phase. The individual 
lives out his normal span. Such persons are 


and may continue during exposure. 


silicotics because the x-ray tells us so, as 
also does their occupational history. There 
is no other evidence—because they have no 
disability and no symptoms. They are, how- 
ever, an integral part of all statistical studies 
on the occurrence of silicosis and on the 
effects of medical control measures one may 
wish to assess, and conclusions concerning 
results must allow for this group. 

At the other extreme is the acute and 
a con- 
dition described as silicotic pneumonia. This 


rapid reaction to massive exposure 


has occurred in some now outlawed indus- 
tries where exposure was heavy and massive. 
Consolidation occurred in the lung after 
two to three years, followed rapidly by 
death. This type is not amenable to medical 
control. 

In the intermediate group is the average 
case of silicosis, where, after exposure 
under previously poorly understood condi- 
tions, the progressive phase sets in, more 
or less rapidly, depending on the intensity 
of exposure. This goes on to a variable 
number of years of disability followed by 
a shortened life span. 


The Problem of Medical Control 

What can be done to minimize the disa- 
bility phase or to delay its appearance after 
exposure? These are the principal concerns 
of medical control. Benefits both to the em- 
ployee and to the employer may result. 


| | 


SILICOSIS—MEDICAL CONTROL 


Medical control is also concerned with the 
study of those medical factors such as heart 
disease or other nonindustrial pulmonary 
conditions which may complicate the prob- 
lem of assessment of liability. Again the 
benefits may be twofold, both to the em- 
ployer and the employee. 

The main problems of medical control 
are intimately connected with the character 
of silicosis in a particular industry. In the 
following the disease as it occurs in the 
foundry industry is described and details on 
medical control are elaborated. To present 
this picture all cases in the foundry medical 
files (originating in 1942) which have 
shown signs of pulmonary fibrosis, of any 
sort, were reviewed, This included 153 past 
or present employees. This group belongs 
to the period 1912-1957, a 45-year period 
(30 years before silicosis became compensa- 
ble and 15 years after). 


Classification and Description of Cases 


All cases have been classified according to 
the characteristics of the most recent chest 
x-ray. In most instances this corresponds 
to a film taken in 1957. or 


death. 


in the vear of 


The x-ray picture of 23 of the total group 
exhibited multiple micronodulations, “soft” 
in character, scattered uniformly throughout 
both lung: fields. 
physical 


There was no associated 
disability. The concerned 
were either welders, burners, or grinders. 
Serioradiographic study, in many instances 
over as many as 15 years, failed to reveal 
any progression. ‘These 
now regarded as cases of siderosis. 


men 


evidence of are 

The chest x-rays of another 37 of the 
total group exhibited only prominent 
reticular pattern of bronchovascular mark 
ings throughout both lung fields. There was 
no evidence of nodulation. These cases 
are classified as nonspecific fibrosis. They 
form a group which will be of extreme in 
terest for future study. 

Of the total group, 93 have been diag 
nosed as silicosis. Graded according to the 
International Radiographic Classification of 


Ayre 


Pneumonoconiosis, these have been classi- 

fied as follows: 
Grade | 
Grade II 
Grade III silicosis—38 

(This classification is based on the area of 

lung field which exhibits the typical micro- 


siheosis—33 


silicosis—22 


nodulations of silicosis. For example, Grade 
II] is characterized by profuse micronodula- 
tions which extend over the whole of both 
lung fields. Grade | is characterized by a 
small number of micronodulations affecting 
perhaps one-third of the lung fields, and 
Grade Il 
mediate between | and III.) 


the characteristics of are inter- 

Analyzing the various groups (silicosis, 
Grades |, I], and II1) further: Of the 33 
in Group I, 15 are 


now working the 


foundry. None of the 15 has shown any 
evidence of progression radiographically in 
the last four years. “Twelve have reached the 
age of 65 and have retired; two of this 
group of twelve have in the past applied 
to the Silicosis Board for compensation but 
have been assessed as showing no disability. 
It is doubtful whether these 12 persons will 
ever suffer adversely from their pulmonary 
fibrosis. Three others have been accepted 
by the Silicosis Board and compensated. 
Three have died of other causes. In this 
group the average in years of exposure be- 
fore diagnosis is 26 years. 

Concerning the 22 men classified as Grade 
Il, 11 of this group are at present working 
in the foundry. Seven of these eleven have 
shown radiographic evidence of progression 
in the last four years. Vive of the 22 have 
the 


reached retired. 


live others have some degree of permanent 


age of 65 and have 
disability and have been placed on compen 
sation by the Silicosis Board. One is de 
ceased. The average in years of exposure 
prior to diagnosis in this group is 18 years. 

live in the group of thirty-eight with 
Grade III silicosis, are now working in the 
foundry. One of these has shown evidence 
of progression during the past four years. 
Kighteen of the thirty eight have been as 
sessed as permanently disabled and have 


been so compensated. Fifteen of the total 
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are now dead. The average in years of 
exposure prior to diagnosis in this group 
is 22 years. 

In the entire group with silicosis, 19 


have died—-3 from other causes and 16 in 
some measure directly attributable to this 
pulmonary disease; 7 of the 16 died of 
Of the 16, at the time of 
death, 3 were 70 or over; 6 were 60 or 


tuberculosis. 


over, 6 were 50 or over, and 1 was 40 or 
over. 

The records show that the foundry has 
had a total of 45 employees, past and pres- 
ent, who have been compensated in some 
degree for disability due to silicosis. Ana- 
lyzing this group in relation to age at the 
time the first compensation payment was 
made, 2 were over 70 years of age; 12 were 
over 60; 17 were over 50; 11 were over 40, 
and 3 were over 30. In reference to the last 
three, it is interesting to note they were 
1943, 1944, and 
1945, and were given partial disability at 
that time. All are still alive, 12 to 15 years 
later; one was granted 100% disability in 
1947 and is still alive 10 years later. 


pensioned, one each in 


‘ive employees have been exposed to both 
Pul- 


monary fibrosis reflected in the x-ray pic- 


silea dust and iron dust or fumes. 


ture has probably been produced by a 
combination of both exposures. One case, 


for example, which has shown recent x-ray 


“ 


progression” is that of an employee who 
was diagnosed as having silicosis. A change 
in occupation the 
It was subsequently 
found that he had been transferred to the 


was 
Medical Department. 


recommended — by 


welding department and was working as a 
welder. Whether the suggested “progres- 
due to fumes or to 
preceding silicosis cannot be determined. 


While the exposure to iron oxide fumes 


sion” is iron oxide 


has presumably done no harm, the picture 
would be clearer if this part of the occupa- 
tional history could be excluded. 

The shortest period of exposure to silica 
dust has been a period of three years. 
This is an unusual case; this man, after 
being exposed for three years in the sand- 
blast, some years later developed extensive 
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pulmonary fibrosis and was compensated by 
It is of interest that 
he also had a positive Wassermann reac- 


the Silicosis Board. 


tion. 

Seventy-four cases were diagnosed prior 
to 1954. In 
cases (a total of 13) were diagnosed. This 


1954 an unusual number of 


unusual number resulted from an attempt 
at that time to classify all employees in the 
foundry in order to have a_ well-defined 
situation at the margin between pre- and 
postmodernization. — In the 
number of cases diagnosed has been gratify- 


recent years 
ingly few. There have been only two new 
cases each year. One of these is unusual 
in that he left the foundry 13 years ago. 
the exposure 
prior to that period his claim was accepted 
in 1957, 


However, on basis of his 
The fact that new cases are oc- 
curring, although few, and that some of our 
older cases have shown progression (as will 
be described later) during the past four 
years, is to be expected. The development 
of nodulation and the increase in number 
and size of the nodules already present can- 
not be controlled in every case, no matter 
how meticulous and effective the foundry 
New 


pected, will continue to appear, perhaps for 


clean-up has_ been. cases, it 1s ex 
another 25 years, and a certain number of 
cases already existent will progress. This 


‘ 


is the visitation of the “sins of previous 


exposure.” A certain amount of pulmonary 
fibrosis is going to occur as a result of the 
action of dust been in- 


haled and is already in the lungs of foundry 


silica which has 
workers from the period antedating the 
modernization The 
are, however, that the number of new cases 
will be small. 


program, indications 


Variations Associated with Occupation 
in the Foundry 


Prior to the modernization program there 
were in the foundry three particular areas 
in which (1) the 


the general foundry 
floor; (3) the core room. 


silicosis was a hazard: 
cleaning shop; (2) 


In the cleaning shop, chipping and grind- 
ing are the principal occupations. Chipping 
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was at one time the most hazardous oc- 
cupation, presumably because it involved 
exposure to freshly fractured silica parti- 
cles. On the general foundry floor those 
exposed are molders, chainmen, crane op- 
erators, foundry helpers, etc. Prior to the 
advent of good housekeeping these men 
would be exposed to the dust from the 
foundry floor and to the large clouds of 
dust created by shake-out operations. [In 
the core room the core makers handle wet 
sand, and their hazard is a light one. 

In the foundry these variations in ex 
posure according to occupation are reflected 
in variable disease patterns of silicosis. All 
variations in the exposure, progression, and 
disability phases are encountered. It ap 
pears not as one but as a number of dif 
ferent diseases. 

Silicosis as encountered among chippers 
differs from silicosis as encountered among 
core makers. Out of the total of 93 silicoties 
39 were chippers. Of this 39 the figures 
for Grades I, II, and IIT are 7, 14, and 
12 respectively. The period of exposure 
prior to diagnosis has, in a number of cases, 
been relatively short. One-third of the chip 
signs of silicosis radio 
after 10° or 
exposure, In contrast, silicosis among those 


CTS develo ved 
I 


graphically less years of 
exposed in the core room or on the general 
foundry floor seldom occurred until after 
20 to 30 years of exposure. 

Correlated with such differences in the 
exposure and progressive phases of the dis 
ease certain distinetive features may be 
found on radiographic study. Nine chippers 
who developed silicosis after a relatively 
brief exposure had principally apical dis 
ease, Initially, in these cases, the radiologist 
was strongly suspicious of the presence of 
active tuberculosis. Initially, there was no 
marked increase in the reticular pattern and 
silicosis did not appear to be in the pic 
ture. It was only by following the course 


of development radiologically clini 


cally over succeeding years that the actual 
diagnosis became evident. 

In contrast, the x-ray film of the average 
molder, sand-blast 


core-room worker, 


Ayre 


worker, or general foundry helper, exhibits 
a definite progressive pattern, more in ac- 
cord with the classical picture of. silicosis. 
One first is impressed by the increased 
reticular marking; following this, after a 
observation, micro- 


number of years of 


nodulation is noted—the nodulations dotting 


the reticular pattern. 


Comments on X-Ray Features 

In a review of the series, certain other 
x-ray features are worthy of note: Egg 
shell calcifications of the hilar glands oc 
curred in only four instances. It is not a 
common feature of the x-ray picture of 
stlicosis in the foundry industry. Enlarge 
ment of the hilar glands was not notable. 
The hilar nodes quite frequently become 
denser, as seen in the serial x-ray studies, 
but seldom become actually enlarged, Con 
glomerate shadows were found in 27 cases; 
12 of these cases, In most instances only 
after years of observation and study, were 
proved to be active tuberculosis. Two in 


stances of cavitation were encountered in 
what appeared to be pure lesions of silicosis. 
both 


Several 


(ver several months cavities healed 


spontaneously. instances of acute 
In each case 
that 


resolution occurred, There was no apparent 


pneumonia were encountered. 


follow-up films indicated complete 


permanent alteration in the lung fields. 


Clinical Features 
There are no clinical symptoms or signs 
of early silicosis. Not until relatively ad 
vanced does it become evident as a clinical 
disease; then the cardinal symptom is dysp 
Pul 


relatively 


nea; the cardinal sign is emphysema. 


monary fibrosis may become 
marked without any complaint of cough or 
chest pain. On physical examination there 
may be no evidence of change in the breath 
that 


features as clubbing of the fingers and pul 


sounds. It 1s of interest, too, such 


monary osteoarthropathy, commonly de 


scribed in association with chronic. chest 


disease, seldom occur in silicosis. Clubbing 
of the fingers is a relatively rare finding, 
and pulmonary osteoarthropathy was not 
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A. 


encountered in this group. Spontaneous 
pneumothorax, also described as a complica- 
tion of silicosis, had not occurred in the 
group studied. 

The patient’s cardiac status is of basic 

significance in assessing the clinical picture 
wherever there is a question of the evalua- 
tion of disability associated with silicosis. 
The chest x-ray picture in cases of heart 
disease may simulate early silicosis, or, if 
there is preceding evidence of pulmonary 
fibrosis due to silica exposure, the incidental 
development of cardiac disease may produce 
a complicated picture. The Silicosis Board 
from time to time has been confronted with 
the situation in which they must assess the 
percentage of disability which is due to 
silicosis and that which is due to heart dis- 
ease. Medical control, therefore, includes 
periodic assessment of cardiac status. Basic 
electrocardiographic study and periodic elec- 
trocardiographic recheck studies, with any 
indication of significant change, are done on 
each case of silicosis. Whenever there is 
clinical x-ray or 
electrocardiographic study of complications 
arising from cardiac disease, the case is re- 
ferred with a request for review by the 
Silicosis Board, 


significant evidence in 


There are two aspects from which the 
cardiac disease itself must be assessed. Is 
the cardiac disease a complication of silico- 
sis or is it a result of intrinsic disease? If 


there is evidence of right heart strain, as- 
sociated with considerable pulmonary fibro- 


sis, it might be rational to consider the 
cardiac disease a complication. Such evi- 
dence was seldom found in this. series, 
The summary of findings on electrocardi- 
ographic study is as follows: Of the group 
of 37 with Grade IIL silicosis 11 have had 
recent electrocardiographs ; 7 are essentially 
normal (2 show evidence of left axis devia- 
tion, 1 of right axis deviation) and 4 show 
evidence of right bundle branch block. Of 
those with Grade I] silicosis, 10 have had 
recent electrocardiograms ; 7 are normal (3 
show evidence of left axis deviation, 1 of 
right axis deviation) and 1 shows evidence 
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of coronary insufficiency, apparently unre- 
Of the 
group with Grade I silicosis four have had 
recent electrocardiograms, all showing evi- 
dence of left axis deviation. What is per- 
haps most remarkable in this group of 25 
cases is the occurrence of 4 cases of right 
bundle branch block among those with the 
most marked evidence of. silicosis. 


lated to the pulmonary disease. 


These 
studies are to be continued. 

In one case, silicosis was combined with 
the rare disease known as osteopoikilosis. 
This man was employed at the age of 31 
in 1942 as a chipper. He first showed signs 
of silicosis in 1952, 10 years later. After 
the development of the initial signs he ap- 
peared to go rapidly downhill. The x-ray 
signs also indicated unusually rapid progres: 
sion of his Within two 
conglomeration appeared at the right apex. 
He was compensated at the age of 44 and 
is now resting at home on 100@ disability. 
This is an isolated case of the coincidence 


disease. vears 


of two relatively rare diseases, silicosis and 
osteopoikilosis ; and silicosis has run a par- 
ticularly bad course. 


Pulmonary Tuberculosis and 
Medical Control 
It is now well recognized that the patient 
with relatively advanced silicosis is suscep- 
tible to tuberculosis. In 1915 Collis in his 
Milroy “Chronic Pulmonary 
Disease” pointed out that the salient fea- 


Lecture on 


tures of tuberculosis in silicotic persons are 
its high incidence, its chronicity, its tend- 
ency to remain closed with little effect upon 
contacts, and its mortality deferred until 
after the age of 45. Tuberculosis has been 
a major cause of mortality in the present 
group of It is by far the 
most important aspect, from every point of 
view, of medical control. 


silicotic cases. 


Gardner ' described two types of tuber 
culosis in silicotics. One is associated with 
massive conglomerate shadows ; the other is 
a so-called perinodular tuberculosis. As 
stated previously in the group studied, there 
were 27 cases in which actual conglomera- 
tion occurred, Of this group 13 are now 
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dead, 7 because of tuberculosis; 14 are still 


living, 5 of whom are at under 


treatment for tuberculosis. 


present 
Of the remain- 
ing nine, one has had conglomerate change 
1945 1952. All 


nine in this group are under continuous 


since and another since 
study but so far none have had_ positive 


sputum. 
In describing tuberculosis 


Gardner ' states: “In this form there may 


perinodular 


be a localized focus of some active tuber- 
culosis but feature is a 


zone of exudation about each of the pre 


the characteristic 


existing silicotic nodules, so that they lose 
their sharp definition.” Two cases in the 
present series exhibit an x-ray picture that 
might fit into this category; in both there 
are rather large nodules present with a 
soft zone about each of the nodules. 

It is impressive to note that the appear 
ance of conglomerate shadows in the x-ray, 
again and again, precedes the eventual de 
tection of positive sputum. In almost every 
case of tuberculosis in this series the con- 
glomerate shadow is the earliest indication 
of the presence of tuberculosis. It is some 
times only after years of continuous study 
that the active tubercule bacillus is cultured 
from the sputum. It has been our practice 
in the foundry immediately to refer any 
employee with suspicious shadows to the 
chest clinics in Montreal. The Royal Ed 
ward Institute and Bruschesi Institute have 
been called on frequently and have co 
operated closely in the investigation and 
treatment of 


such cases, It has been cus 


tomary, however, not to recommend hos 
pitalization or antibiotic therapy until proved 
positive sputum has been found. In 
of the facet that this par 


ticular type may remain closed over long 


View 
tuberculosis of 


periods, the question arises whether anti 
biotic therapy might not be given on some 
other criteria. Do we lose valuable time in 
certain cases by waiting for a break-through 
in the development of postive sputum ? 
With improved antibiotic therapy might it 
not be rational to treat 


every with 


conglomeration on a prophylatic basis ¢ 


case 


Ayre 


Outlook Regarding Therapy 


A salient feature of pulmonary fibrosis, 


due to. silica, is the progressive phase. 


There are certain features regarding the 
progressive phase worthy of comment. Ke 
ferred to above were three instances in 
which small disability pensions of 25% were 
granted between the years of 1944 and 1946 
to Grade | silicotics. The employees con 


cerned have been reviewed, 


from time to 
time since, and in two instances the disa 
bility percentage has remained unchanged. 
These might be considered cases of arrested 
lor all practical purposes it 
probably must be considered that at certain 


SIS. 


stages this disease can become arrested, 1. e., 
the progressive phase can be terminated 
without any form of therapy, except with 
drawal from exposure. 


In most however 


cases, (and the 
foundry this is particularly applicable to 
chippers ), after developing lo a particular 
stage the disease is not subject to arrest by 
elimination of the exposure hazard alone, 


Any 


form of therapy which could prevent this 


and the progressive phase continues. 


progression would be of great benefit. Dr. 
Sweterlitsch 1957) presented his ex 
perience with aluminum dust therapy in the 


foundry. group of 


previously known 


silicotics who were 
showed no evidence 
period of 12 years, I] 


who did hot 


given aluminum = dust 
of progression over a 
owever, another group 
accept) aluminum 
ment, also failed to 


dust. treat 
show any evidence of 


progression, It would be 


interesting to 
know the previous occupations of those in 
both Others, notably Sander," 


have stressed that in the foundry industry 


groups. 


stheosts can be eliminated by dust control 
alone. Carried to its logical conclusion, this 
is axiomatic, If there is no exposure, there 


is no silicosis! Irom the point of view of 


medical control one is interested, at this 
stage, in methods of preventing progression 
in those already exposed. If aluminum dust 
therapy could be made available on an in 
dividual basis, it would be extremely inter 


esting to subject the members of certain 


31/495 


3 


A, M,. A. ARCHIVES OF INDUSTRIAL HEALTH 


groups, now in the progressive phase, to 
therapeutic trial. 


Summary and Conclusions 


Silicosis in foundry workers may show 
variable disease patterns resulting from dif- 
ferences in exposure to silica dust according 
to occupation. Chipping has been the most 
hazardous occupation, and the pattern of 
the disease among chippers may differ nota- 
bly from the pattern of the disease among 
other foundry workers. Not uncommonly 
the x-ray picture of the chest in a chipper 
shows the disease principally at the apices. 

In the foundry combined exposure to 
silica dust and iron oxide may occur, re- 
sulting in siderosilicosis. Although the ex- 


posure to iron oxide presumably does no 


harm, it may complicate the x-ray picture 
and subsequent clinical assessment. It is 
suggested, therefore, that there should be a 
pointed separation of areas in the foundry 
in which there may be exposure to either 
silica or iron dust and a careful control of 
the transfer of employees from one area to 
the other. 


Medical control of silicosis is concerned 
with those factors which may minimize the 
disability phase or delay its appearance. A 
most important feature is an effective pro- 
gram of tuberculosis control—case finding 
and prompt treatment. It is suggested that 
the criteria for antibiotic therapy in silico- 
tuberculosis might be broadened. The im- 
portance of an awareness of developing 
cardiac disease and the application of elec- 
trocardiography are also stressed. 

Mr. A. Brewer prepared the charts and photomi- 
crographs which accompanied the original presenta- 
tion. Mr. E. Hade, Medical Department, Canadian 
Steel Foundries, prepared the files for review and 
gathered data regarding the occupational history 
and exposure of the cases discussed. 


1321 Canora Rd. (16). 
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The Biological Effects of Vanadium 


II. The Signs and Symptoms of Occupational Vanadium Exposure 


CHARLES E. LEWIS, M.D., Rochester, N. Y. 


Confusion in the scientific literature on 
vanadium began with the isolation of the 
element. Discounting a claim by del Rio in 
1801 (subsequently retracted), it is now 
generally agreed that vanadium was discov- 
ered by Sefstrom in 1830. This seems to 
have established a precedent, since a healthy 
climate of disagreement regarding its bio- 
logical effects has persisted throughout the 
20th century. 

This lack of agreement is evident in the 
five reports of studies of industrial workers 
having a continuous exposure to vanadium 
which have appeared in medical literature. 

In 1911, Dutton! described the following 
consequences of vanadium exposure as seen 
in an unknown number of American work- 
ers: nephritis, anemia, hemolysis, cough, 
hemoptysis, mucous membrane _ irritation, 
anorexia, nausea, diarrhea, tremors, vertigo, 
hysteria, visual defects, and melancholia. 

Symanski,? in 1939, reported on a group 
Chronic 
bronchitis (cough and sputum), parenchy 
mal 


of 19 German vanadium workers. 


reticulation the chest roentgeno 
gram, and irritation of the eyes, nose, and 
throat were common findings. 

Ten English vanadium workers were the 
basis of an article by Wyers * in 1946. He 
concluded that these men had an increased 
incidence of cough, greenish coloration of 
the tongue, shortness of breath, skin pallor, 
tremors of the extremities, hypertension, 
and palpitation. 
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A monograph by Sjoberg,’ in 1950, gives 
a detailed account of the findings in 36 
men working in a Swedish vanadium mill. 
This group was characterized by cough, 
wheezing, shortness of breath, palpitations 
on exertion, eczema, and slightly increased 
values for hemoglobin 
lor the 
carried out 


and red blood cell 


counts. first time, air sampling 


was and urine analysis for 
vanadium demonstrated its absorption. 
Vintinner et al.® published 


study of 78 Peruvian vanadium workers. 


(1955) a 


The only significant findings in these men 
were chronic, productive cough, mucous 
membrane irritation, and a greenish colora- 
tion of the tongue. 

In the course of a study to evaluate the 
possible effects of absorbed vanadium upon 
cholesterol levels in man, 24 American men 
who were engaged in the milling and han- 
dling of The 


purpose of this report is to review the signs 


vanadium were examined. 


and symptoms found in this group as com 
pared to a control group and also to those 


recorded the five studies previously 


mentioned. 


Methods 


Twenty-four men between 38 and 60 years of 


age who had worked in vanadium (no exposure 


to other metals) for at 
tute the 


least six months consti 


exposed group. (Average duration of 


exposure was two and one-half years.) Thirteen 


of these men were in Colorado. Eleven of them 
lived in eastern Ohio. Forty-five control subjects 


of the same age range were selected by random 


methods from a list of one hundred twenty volun 
teers 


22 in Colorado ane 


The controls were divided into two groups 
23 in Ohio 


activities and economic status closely paralled that 


Their job-required 


of the exposed group living in the same town 
All of the 


consisting of physical examination, history, electro 


men received an examination 


33/497 


A, 


cardiogram, urinalysis, hematocrit, serum choles- 
terol, and analysis of urine for its content of 
vanadium. A standardized history form was used, 
and all histories and physical examinations were 
completed by one observer. Air samples were taken 
throughout the plants in both Colorado and Ohio. 
Dust was collected on millipore filters using a 
pump. Quantitative analysis for 
vanadium in both dust and urine was carried out 


calibrated air 


according to the method of Talvitie.® Particle-size 
counts were performed on each dust sample. 


Results 


Symptoms.—The relative frequency of 
certain complaints in the exposed and con- 
The 
irritating property of vanadium dust is evi- 
dent from the high percentage of exposed 


trol groups is presented in Table 1. 


workers reporting persistent cough, burning 
of the eyes, rhinorrhea, and throat irritation. 
In almost one-half of the workers who have 
a “cough,” it is of a productive nature. 
The bronchospasm which may occur as a 
result of inhalation of vanadium can be of 
such degree as to make the subject aware 
of its 
persist for two to three days after cessation 


presence. This bronchospasm may 
of exposure to vanadium. 

While vanadium pentoxide (V2O;) is 
considered to be insoluble (0.8 gm/100 mi. 
water), most particles <5p in diameter are 
cleared from (rabbit) lungs in less than 24 
hours.!- This reemphasizes the difference 
between the “biological” solubility of dust 
particles ofa respirable size and their solu- 
tility as listed in a chemical handbook. 

The persistence of bronchospasm for 48 
to 72 hours may indicate that particulate 
vanadium is present in the respiratory tract 


Taste 1.—Percentage of Each Group 
Having the Symptoms Listed 


Symptom Controls Exposed x? Value 
Cough 33.3 3.4 13.71 * 
Sputum 13.3 41.5 5.55 ¢ 
Exertional dyspnea 24.4 0.592 
Eye, nose, throat irritation 6.6 23.17 * 
Headache 20 0.124 
Palpitations 0.538 
Epistaxia 0.148 
Wheezing. 5.20 ¢ 


* Significant beyond P=0.01. 
t Significant at P=0.02. 
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during this time interval. An _ alternate 
possibility is that the smooth muscle con- 
traction is maintained by mechanisms other 
than direct chemical irritation. 

The differences in the incidence of com- 
plaints of bringing up sputum and wheezing 
are significant at the 2% level of probabil- 
ity. Those x* values calculated for cough 
and eye, nose, and throat irritation are sig- 
nificant beyond the 1% level. 

Signs.—A comparison of the presence of 
certain physical findings of interest in the 
exposed and control groups is presented in 


Table 2. 


TABLE 2.—Percentage of Each Group 
Having the Physical Findings Listed 


Physical Finding Controls Exposed x? Value 
Tremors of 4.5 4.2 
Hypertension 13.3 16.6 
Wheezes, rales, or ronchi-__. 0 20.8 6.93 * 
Eye irritation . 2.2 16.6 2.94 

Injected pharynx AA 44 41.5 12.62 * 
Green tongue 0 37.5 14.53 * 


0.320 
0.0002 


* Significant beyond P=0.01. 


The effects of irritation of mucosal sur- 
faces by vanadium is evident and consistent 


with the symptoms elicited. Wheezes, fine 


rales, or ronchi were frequently heard on 


auscultation of the chest, and injection of 
the pharynx and nasal mucosa were com 
mon in the exposed group. 

There is one other physical finding which 
is of equal statistical significance: that is 
a green coloration of the tongue. This be- 
nign “green tongue” of vanadium workers 
was first described by Wyers in 1946. A 
blue-black color to the tongue was seen in 
Neither Dutton 
nor Symanski made mention of this finding. 
Sjoberg, who had seen 
subjects, reports that it 
in his group of workers. 


41% of Peruvian workers. 


some of Wyers’ 
was not observed 


nine 
men. The harmless pigmentation, which is 
a result of the deposition of vanadium salts, 
may vary from a pale green to the dark- 
greenish-black color seen in the Figure. 
While certain factors, such as mouth breath- 


In this study it was observed in 
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ing and oral hygiene, are of some impor- 
tance, descriptions of its variation with 
changing exposure by older vanadium work- 
ers lead one to feel that the intensity of the 
color is directly related to the atmospheric 
content of vanadium compounds. Green 
tongues were observed in men working with 
vanadate compounds as well as those who 
worked with vanadium pentoxide (V2O;). 
The green lost within 1-3 
weeks after cessation of exposure to vana- 
dium. 


coloration is 


This finding, while of medical interest, 
is of no significance as a sign of toxicologi- 
cal importance vanadium workers. In 
this group it should be considered a sign of 
exposure to vanadium, nothing more. 


Air Analyses for Vanadium 
Table 3 
sampling. 


summarizes the results of air 
The total air content of vana 
dium, the distribution of particle sizes, and 
the calculated total respirable vanadium is 
listed for each plant area. 

In calculating “respirable” vanadium the 
following assumptions were made: (1) 
spherical particles; (2) particles less than 
5 (3) while 
there is a finite probability that larger par- 
ticles will penetrate to the lower respiratory 
tract, for the purpose of this calculation it 
is assumed that they will fail to do so. The 
disproportionate contribution of a few larger 
(3-15) particles to the total mass of the 


5 in diameter are respirable; 


3.—Atmospheric Concentration of Vanadium 
in the Various Plant Areas 
Mass 
V (as  Kespirable, Particles 
Fusion furnace No 

1, Colorado 0.007 1 
Fusion furnace No 

2, Colorado O48 92 
Precipitation, 

Colorado 0.204 
V .O, drying, 

Colorado 0.105 19 97 
V.0, dumping, Ohio 0.925 2 
Foremen’s office area, 

Ohio 0.018 100) 100 
NH, VO, production 

bagging, Ohio 0.380 4 98.7 


sample can be seen by comparing the per 
centage of particles <5, to their relative 
mass in terms of percentage respirable by 
weight. 


Vanadium Content of Urine 

The average concentration of vanadium 
found in the urine of the control group was 
11.6yug. per liter with S. D.=6.2. The mean 
of the exposed group was 46.7yg. per liter 
(S. D.=31.2). In an analysis of variance, 
F=481 and P<0.05. 

The results of electrocardiograms, hem 
atocrits, and urinalyses considered 
The differ- 
ences between results in exposed and control 
groups with respect to these three examina- 
tions were not significant. 


are 
in detail in a previous paper.? 


Comment 

A critical review of the previous studies 
of occupational vanadium exposure is in 
order before an attempt is made to compare 
data. 

Dutton’s original effort in 1911 can be 
classified as “descriptive impressionism.” 
There are no indications in the paper as 
to the actual number of vanadium workers 
examined or the real incidence of any of 
the phenomenon which he described. It is 
unfortunate that his description of the con 
been repeated so frequently and, until re 
sequences of exposure to vanadium have 
cently, almost without question. 

Wyers’ report is based upon “nine years’ 
observations on fifty to ninety workers.” 
However, the objective information is lim 
ited to 10 case histories. He disclaims any 
evidence of emaciation, anorexia, paralysis, 
convulsions, hysteria, vertigo, and visual 
defects. He does report an increased inci 
dence of skin pallor (one case), hyperten 
sion (two cases), tremor of fingers (two 
No 
In evaluating 
this study it is important to recognize the 
statistical limits of confidence which exist 
when dealing with a rate of 1 or 2 per 10 


cases), and palpitations (one case). 
control group was examined. 


CASES, 
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TaBLe 4.—A Comparison of the Relative Incidence of Pertinent Signs and Symptoms 
of Vanadium Exposure as Reported in the Literature 


This Study 


Controls 


Cough 33.3 
Sputum 

Exertional dyspnea 

Eye, nose, throat irritation 
Headache 

Palpitations 

tremors 
Hypertension 

W heezes, rales, ronchi 
Hepatomegaly 

Eye irritation 

Injected pharynx 

Green tongue 


There are many important variables in 
each of the studies. One of these is the 
degree of exposure to vanadium. They can 
be ranked in order of decreasing exposure 
Sjoberg> Vintinner> this 
Wyers, Dutton, and Symanski did 
not measure the vanadium content of the 
It is probable that 
they would rank somewhere near Sjoberg’s 
The raw 
material has been either carnotite, patronite, 


as follows: 


group. 
air in the work areas. 
men on the scale of exposures. 


shales, or iron slag. The processes have not 
differed greatly; the major source of expo- 
sure has been VoQO; dust. 

When those studies on which information 
Table 4, 


several points become evident. Considering 


is available are compared, as in 


the variation in the intensity of exposure, 
there is not a wide variation in the incidence 
of signs and symptoms between the several 
groups. There are, however, some notable 
exceptions to this generality. The difference 
in the percentage of SjOberg’s and Wyers’ 
workers reporting exertional dyspnea and 
those examined by Vintinner and in_ the 
present study might be due to the manner 
in which questions were asked and answers 
recorded. The absence of green coloration 
of the tongue in Sjéberg’s workers seems 
at present unexplainable. 

It is also apparent from Table 4 that the 
frequency of almost all symptoms in the 
lower than any of 


Peruvian natives is 


the other groups. A uniform decrease in all 
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Exposed 


Sweden Germany Peru England 


3.4 100 94.7 Ag 90 
41.5 35.5 47.3 


12.5 


94. 


positive responses suggests that perhaps the 
population under study is more stoical or 
for some reason less responsive to medical 
questioning. Inspection of the data on re 
sponses of Peruvian controls offers some 
support to this hypothesis. Of 37 control 
subjects, only one admitted having a cough, 
four had headaches, two had chest pain, one 
had shortness of breath, and none of them 
complained of sputum, palpitations, tired 
ness, weakness, or colic. 

When all of the previously mentioned 
factors are considered, there appears to be 
less inconsistency between the reports than 
on initial inspection. 

The clinical picture which is common to 
all studies is that of irritation of the mucous 
membranes of the eyes, nose, throat, and 
upper respiratory tract which can result in 
a chronic productive cough and (despite its 
inexplicable absence in Sweden) a greenish 
coloration of the tongue. That the chronic 
bronchitis seen in vanadium workers might 


have more serious and permanent sequelae 


has concerned all of the investigators. Data 
to substantiate this fear is not available. In 
view of would 
important to exclude persons with arrested 


its known effects it seem 
tuberculosis or chronic lung disease from 


exposure to vanadium dust. 


Summary 


Twenty-four vanadium workers 


studied. 


were 
detailed history physical 


19, May, 1959 


: 

75 28 60 

62.5 80.5 35.9 
12.5 33 
20.8 23 10 
4.2 28 0 5 
ce 16.6 0 0 0 20 
20.8 42.1 5.1 30 
a 12.5 0 2.5 

16.6 3l 10 

41.5 75 10.5 3s 
37.5 0 4) 20 


EFFECTS OF VANADIUM 


examination, urinalysis, hematocrit, electro 


cardiogram, urine for vanadium content, 


and serum cholesterol determination were 
done on these men and on a larger group of 
controls. 

The were found to 


have significantly higher incidence of 


vanadium workers 
signs and symptoms referable to the irrita 
tive properties of vanadium dust. Irritation 
of eyes, nose, throat, and respiratory tract 
was seen in 626 of vanadium workers. A 
green coloration of the tongue was observed 


in 37 of the exposed group. 


The findings of this study are compared 


to those previously reported from Sweden, 
Germany, England, and Peru. A_ critical 
evaluation of these reports eliminates much 
of their “apparent” disagreement. , 

No evidence was found of chronic intoxi- 
cation or injury attributable to vanadium 
exposure. 

Air content of vanadium was, with one 
exception, between 0.1 to 0.3 mg. per cubic 
meter. The serum cholesterol levels of men 
exposed to and absorbing vanadium were 


significantly lower than those of the controls. 


The 
operated and assisted in the performance of this 
study 


Vanadium Corporation of America co 


Medical Department, Eastman Kodak Company, 
343 State St. 
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Second Inter-American Conference on Occupational 


Medicine 


JOHN J. BLOOMFIELD, B.S.Eng., Lima, Peru 


In September, 1956, the Medical Schools 
of the University of Miami and the Uni- 
versity of Havana, Cuba, ventured forth in 
a joint effort to bring together workers in 
the field of occupational medicine from the 
United States and Latin Thus, 
the First Inter-American Conference on 
Occupational Medicine was held in Miami, 
Sept. 3-6, 1956. A report of this 
meeting was published in the A. M. A. 
Industrial Health (15:79-83 
for publication Sept. 25, 1958. 


Regional Consultant in Industrial Hygiene, In- 
stitute of Affairs. 


America. 


Archives of 
Received 


Inter-American 
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| Jan.] 1957). The Second Conference was 
slated to be held in Havana, Cuba, in 1958, 
but owing to the present political unrest 
obtaining there it was felt advisable to hold 
Fla., under the 
direction of the University of Miami. In 
1958, as in 1956, there were about 50 per- 


it once more in Miami, 


sons registered from various Latin Ameri- 
can countries, the United States, and Puerto 
Rico. In all, 30 papers were presented 
during the five-day session, all of them 
being delivered in the Spanish language. 


All sessions were held mornings only, with 


Ae 
\ 
ea 


the afternoons being reserved for field 
trips both of a technical and social character. 

The Second Conference, which was held 
during the period Aug. 18 through 22, was 
opened with short talks of welcome by a 
representative of the President of the Uni- 
versity of Miami, the Dean of the Medical 
School of the University, and Dr. Luis F. 
Rodriguez Molina, who spoke on behalf of 
the University of Havana. 

After the opening remarks came the ses 
sion on toxicology which covered a variety 
of topics, such as manganese poisoning, 
nickel and cobalt poisoning, and the occu- 
pational diseases associated with the pro- 
duction of rubber tires. The paper 
presented by Dr. Francisco Lancis, Asso- 
ciate Professor of Legal Medicine and 
Toxicology of the School of Medicine of 
the University of Havana, dealt with speech 
Dr. 
Lancis dramatized his talk by playing. a 
tape-recording of one of his patients suffer- 
ing from manganese poisoning. The speech 
disturbances in this type of poisoning are 
characterized by monorhythmic voice of low 
volume, with pauses between words and a 
speech difficult: to understand. 


disturbances in manganese poisoning. 


The paper 
on nickel and cobalt poisoning pre- 
sented by Dr. Rafael Pefialver, who is 
associated with Dr. Lancis in Havana. Dr. 
Penalver discussed the properties of these 
two elements and their compounds and the 
symptoms of intoxication as revealed by 
studies in the nickel and cobalt mines of 
Cuba. 

The paper by Dr. Warren L. Hogue Jr., 
Medical Director of The Firestone Tire 
and Rubber Company, Akron, Ohio, con- 
trasted the health hazards in the rubber 
industry of years past with the present 
situation. Dr. Hogue showed that, while 
there were many health hazards in the early 
years of the rubber industry, those of today 
are in reality more numerous and complex, 
but much has been learned as to how to 
control these hazards. Dr. Hogue also dis- 
cussed the various problems involved in 
the processing of synthetic rubber, plastics, 
and rubber products. 


Bloomfield 


INTER-AMERICAN CONFERENCE ON OCCUPATIONAL 


MEDICINE 
Dr. Robert Y. Truitt and his associates 
of the Department of Medicine at the Uni 
versity of Miami School of Medicine, dis- 
cussed methyl bromide intoxication. Their 
paper was based on a study of 20 patients 
observed and treated for methyl bromide 
exposure at the Jackson Memorial Hospital 
in Miami. Most of the symptoms shown 
by the patients were nonspecific, the com- 
monest of which were headache, burning 
eyes, nausea, vomiting, lethargy, and light- 
headedness. Treatment in all the patients 
was symptomatic with complete recovery in 
1 to 14 days, except in one patient who had 
neurological manifestations. 

Dr. Horace W. Gerarde of the Medical 
Research Research and 
Kngineering Company, presented avery 
interesting discussion on the toxicology and 


Division, Esso 


biochemistry of the monocyclic aromatic 
hydrocarbons. His paper summarized five 
years of systematic study in experimental 
animals in the toxicity, biochemistry, and 
metabolism of benzine and more than 40 
of its alkyl derivatives. Data were presented 
on the following topics: (1) the relationship 
between water solubility and the rates of 
absorption into the blood stream and the 
maximum attained in the 
blood; (2) the dependence of the mecha- 
nism and rate of elimination on the number, 
length, and complexity of the alkyl groups 
attached to the benzine ring; (3) the rela- 


concentrations 


tionship between acute toxicity and the 
number, length, and degree of branching 
and saturation of the side chains; (4) the 
principal target tissues and the effects pro- 
duced; (5) the the 
effects, and (6) the metabolic and nonmeta- 
bolic end-products 


mechanism of toxic 


formed from these 
hydrocarbons. 

On the afternoon of the first day the 
delegates visited the repair shops of the 
astern Airlines and had an opportunity 
to view the modern airline service proce 
dures and the methods employed in_ the 
control of various safety and health hazards 
associated with this type of work. An op 
portunity was also afforded to the delegates 
to visit the dispensary of the plant and to 
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learn something about the medical control 


program which this company offers its 
employees. 

The second day was devoted to a discus- 
sion of a wide variety of themes. Dr. 
William B. Deichmann, head of the Phar- 
School of 


University of 


macology Department of the 


Medicine at the Miami, 
discussed the subject of testing of food 
additives, with particular reference to can 
cer. He made a plea for more intensive 
and broader animal cancer research with the 
primary aim of searching for human coun 
terparts. He also stressed the importance 
of human epidemiological studies, which he 
feels can point out those carcinogens missed 
by animal studies. He stressed the need to 
evaluate carefully all facts and factors 
which support the specific use of a material 
before it is employed as a food additive. 
In connection with Dr. Deichmann’s pres 
entation, Drs. Jones and Greer of the De 
partment of Medicine at the University of 
Miami, presented a discussion on the role 


which industry plays in chemotherapy stud 
ies of cancer. An opportunity was afforded 
the delegates during the week of the meet- 
ing to visit the research laboratories headed 


by Dr. Jones and see some of the studies 
being conducted under his direction of vari- 
ous chemical compounds utilized for the 
treatment of certain types of cancer and, 
particularly, leukemia. 

Dr. Herman J. Puerto 
discussed vocational rehabilitation and selec 


Flax, of Rico, 
tive placement of disabled workers as prac- 
ticed Puerto Rico. His paper stressed 
the need for immediate rehabilitation after 
injury in an effort to preserve the function 
of joints and avoid the neuroses that are 
so often associated with trauma and com- 
pensation, Dr. Flax also emphasized the 
teamwork concept in rehabilitation, which 
includes an investigation into the social, emo- 
tional, and economic problems, as well as a 
cure of the physical disability. 

Drs. Rafael Bustillos Mendez and Carlos 
Vigil Lagarde, who are associated with the 
Confederation of Workers of Mexico, dis 
cussed some of the recent changes in the 
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occupational disease law of their country. 
They recommended a modification to the 
present law which would provide medical 
and surgical assistance, as well as rehabili- 
tation, so that the worker may be able to 
return to his former work or to work which 
he can perform under his new condition. 

| presented a discussion on compensations 
for occupational disability in Latin America. 
| pointed out the economic burden brought 
on by disabilities and showed that it was 
relatively high because in the past the em- 
phasis in Latin America has been on com- 
pensation rather than on prevention. I also 
discussed the limitations of the present laws 
in Latin America on this subject and pro- 
posed certain improvements in the interest 
of both the worker and management. 

The final paper at the second session was 
a discussion of present-day health problems 
in the petroleum industry, which was pre- 
pared by Dr. Ralph F. Schneider, Medical 
Director of the Standard Oil Company of 
New Jersey. This paper was based on the 
results of a long and exhaustive study made 
in several of the petroleum installations in 
Latin America operated as Standard Oil 
Dr. pointed out 
that the present-day problems in his indus- 


subsidiaries. Schneider 
try are the costly nonindustrial illnesses 
and accidents which constitute the cause of 
the vast majority of the days lost from 
work. Through the vigorous practice of 
preventive medicine, the early detection of 
disease, and health education of employees, 
his company has been able to decrease lost 
time from disability. fact 
that the petroleum industry is a dynamic 
one, it is necessary to continue surveying 


In view of the 


the health hazards of this industry and to 
apply modern preventive measures. 

The third session was devoted to subjects 
dealing with industrial hygiene in the trop- 
Michael J. Takos, of the Dade 
County Health Department in Florida, dis- 


ics. Dr. 


cussed tetanus as a complication of indus- 
His 
investigations in Dade County showed that 
more than 10% 


trial injuries in tropical countries. 


of all cases of tetanus of 
traumatic origin were acquired on the job. 
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Usually there was intimate contact with the 
soil, but several cases were acquired by 
factories. He also 
showed that the fatality rate for tetanus is 
high 


persons working in 
nearly 50% of all cases have a fatal 
course. [Frequently the disease may arise 
from relatively minor injuries. Consequent- 
ly, he advocated routine immunization of 
all workers, with routinely scheduled boost: 
er shots of the vaccine as a practical means 
of eliminating this hazard. 

Dr. Luis Mazzotti, of the Institute of 
Hygiene and Tropical Diseases of Mexico, 
presented a discussion on such parasitic 
diseases as hookworm, trichinosis, and ma 
laria in his country. His paper stressed 
the fact that malnutrition due to poor diet 
is very common in Mexico and aids in the 
development of parasitic diseases. A dis 
cussion of schistosomiasis sugar-cane 
workers in Puerto Rico was also scheduled 
for the third session, as well as a paper 
on tropical and parasitic diseases which are 
common among workers in Guatemala. 

very interesting discussion was pre 
sented by Drs. Edwards and Sigel and their 
co-workers associated with the Medical De 


Miami. 


The subject of their presentation concerned 


partment of Eastern Airlines in 
itself with immunization against influenza 
in industry. Eastern Airlines has been en 
gaged in vaccinating against this disease 
along its entire system in the United States 
for the last nine years. With the recogni 
tion of a new strain of virus in 1957 ( Asian 
influenza), it became necessary to set up 
a preliminary investigation on the use of a 
new vaccine and to apply the results of 
this investigation to a large-scale immuniza 
tion program. Because of the relatively 
small incidence of influenza (probably less 
than 29%), it was difficult to evaluate the 
significance of the protection afforded by 
the vaccine, but the general impression was 
that the vaccine did give some protection. 

Thursday saw a considerable amount of 
radiation 
and atmospheric pollution problems. Dr. 
Willard Machle, of the University of Miami 
School of Medicine, discussed the newer 


time devoted to a discussion of 
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radiation hazards from power piles, fallout, 
and the materials associated with them in 
relation to the existing levels of exposure 
from natural and medical sources of radia- 
tion. His conclusion was that there is no 
danger to the general public at this time 
from such newer sources of radiation but 
that the problem should be studied continu- 
Dr. 
the Sylvania Electric Products Company 


ously, Tebrock and his associates of 
discussed the clinical approach and labora- 
tory aids in the diagnosis and treatment of 
Drs. Parks and Llanes, 
of the University of Miami, presented a 


radiation injury. 


paper on the radiation hazards in the clin- 
The 


tracer 


ical uses of radioisotopes. radiation 


protection required for studies is 
minimal and offers no serious hazard to the 
patient or investigative personnel, but the 
therapeutic use of isotopes poses several 
special problems in radiation protection. to 
contamination of and 


prevent perse mnel 


equipment. Their paper also presented a 
comparison of the relative safety of Co™ 
that of 
radium. The final paper on radiation at the 


in sealed sources in contrast with 
Thursday session was presented by Robert 
G. Gallaghar, Health Physicist of the Lib 
erty Mutual Insurance Company of Boston. 
Mr. Gallaghar’s paper dealt with the sub 
ject from the viewpoint of the general prac 
titioner or the physician outside the plant. 
fact that the degree of 
radiation protection provided for each par 


Ile stressed the 


ticular radiation hazard has to be evaluated 
in terms of the worker’s ability to utilize 
this protection and to apply his knowledge 
of radiation safety for the protection of 
The effec 
tiveness of a good program of radiation 


himself and his fellow-workers. 


protection depends a good deal on good 


liaison and cooperation between the physi 
cian and the health physicist. 


Two other very interesting papers were 
presented at the Thursday morning session. 
One was a discussion of industrial medical 
problems at an Air Force research center, 
presented by Col. George M. Knauf, while 
the other was a 


paper on our present 


knowledge of air pollution and its effect on 
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health, discussed by Dr. Harry Heimann 
of the U. S. Public Health Service. Col. 
Knauf’s paper dealt with the problems 
posed by energy encountered at an electronic 
research center, such as x-radiation, micro- 
wave energy, ultraviolet energy, and infra- 
red Dr. discussed the 
health effects of recent acute episodes of air 
pollution, such as the one in Belgium in 
1930, at Donora, Pa. in 1948, and the Lon- 
don, England, episodes which occurred in 
1952 and 1956. He also discussed the air- 
pollution situation in 


energy. Heimann 


Los Angeles. He 
pointed out that these acute episodes show 
that the effect of air pollution on people is 
essentially that of an irritant material which 
causes reactions to take place on the ex- 
posed membranous surfaces, such as eyes, 
nose, throat, and respiratory tract. He also 
discussed certain nonirritant air pollutants, 
such as beryllium, manganese compounds, 
carbon monoxide, fluorides, and radioactive 
isotopes. He also touched briefly upon 
allergic substances and air-borne  insecti- 
cides. The afternoon of Thursday was 
spent visiting the research laboratories of 
the Department of Pharmacology of the 
School of Medicine and the Miami Serpen- 
tarium, where venom is produced for thera- 
peutic purposes. 

The final this Conference, 
which was held on Friday morning, covered 
a variety of topics, among which were com- 
mon orthopedic problems in low-back in- 
juries and the value of electromyography 
in chronic neuromuscular conditions. Dr. 
Arturo C. Ortiz discussed the former sub- 
ject and stressed the usefulness of preem- 
ployment back examinations in an effort to 
control this condition and showed how such 
examinations assist in determining which 
workers are potential risks and are unsuited 
for heavy labor. Dr. Simon FE. Markovich 
discussed the different methods of recording 
muscle potentials, pointing out the advan- 
tage of simultaneous recording in multi- 
channel fashion as a better way to evaluate 


session of 


muscle function from diagnostic, prognostic, 
and physiotherapic points of view. Prof. 
Harvey Blank, of the University of Miami, 
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presented an interesting paper on plant der- 
matitis due to Anacardiaceae. He showed 
that at least one-third of the population in 
the United States is allergic to Rhus, which 
includes poison ivy, as well as mango, 
cashew, and Japanese lac. The importance 
of this problem is indicated by the fact that 
Florida ships approximately 2,000,000 Ib. 
of mangoes yearly, while another 1,000,000 
lb. is shipped into the United States from 
Mexico and Cuba. Dr. Esteban Valdes- 
Castillo y Moreira, of the University of 
Havana Medical School, discussed ataraxic 
drugs in industry. He stressed the need for 
early diagnosis for states of tension and 
anxiety among executives and workers and 
developed a discussion on the biochemical 
responses to stress. Drs. M. Jay Flipse 
and José D. Carballo, both of the School of 
Medicine of the University of Miami, pre- 
sented a heart disease in 
industry. They pointed out that cardiovas- 
cular disease accounts for almost one-half 
of all deaths in the United States, hence 
is a common cause of disability in industry. 
They showed that during the last two dec- 
ades our compensation 


discussion on 


laws have been 
modified to include as compensable any pre- 
existing disease. Clinical examination of 
the known facts pertaining to cardiac dis- 
ability indicates that this disease follows 
a predictable course. They showed that it 
is neither caused by nor aggravated by 
physical effort, except in rare instances, and 
discussed criteria for evaluating exceptions 
to this finding. 

The final paper of the Conference was 
one dealing with disturbances in pulmonary 
function of occupational origin and was 
presented by Dr. José Bocles and his asso- 
ciates. Their paper stressed the advantages 
of physiologic evaluation of pulmonary 
function. They showed that diseases of 
industrial origin produce different physio- 
logic patterns. Certain dusts, such as silica 
and cotton, lead to obstructive airway dis- 
ease, while others, as in the case of beryl- 
lium, produce primary impairment in 
oxygen exchange. They showed that func- 
tional evaluation makes possible comparison 
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of disability in the groups and allows evalu- 
ation of the effects of therapy. 

Dr. William B. Deichmann, of the Uni- 
versity of Miami School of Medicine, was 
Director General of this Second Conference 
on Occupational Medicine and had the able 
assistance of colleagues from both the Uni- 
versity of Miami and the University of 
Havana. The Program Committee was 
headed up by Dr. M. Eugene Flipse. Sev- 
eral industrial hygiene associations were 
represented at the Conference. Dr. Luis 
F. Rodriguez Molina represented the Indus- 
trial Medical Association of Havana, Cuba. 
Dr. H. W. Lawrence, President of the 
Industrial Medical Association of the Unit- 
ed States of North America, greeted the 
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delegates at the Tuesday evening banquet 
in the name of his Association, while I, as 
Past-President of the American Industrial 
Hygiene Association, also brought a mes- 
sage to the banquet session from the latter 
group. At the banquet session, Dean Homer 
F. Marsh, of the University of Miami 
School of Medicine, announced that it is 
planned to make the next meeting in the 
field of occupational medicine more in the 
nature of a postgraduate seminar than a 


conference. Plans are now being developed 


for such a seminar, probably for the year 
1960. 


Institute of Inter-American Affairs, c/o Amer- 
ican Embassy. 
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Postexposure Period 


When animals or men are exposed to 
noxious agents in the form of air-borne 
particulates, significant amounts of mate- 
rial are deposited at sites other than the 
lung and, moreover, there may be appreci- 
able interchange of material between such 
sites during the early postexposure period. 
In many instances, these interchanges are 
biologically important. Until recently, how- 
ever, little attention has been paid to quan- 
titative relationships. In the present study, 
an attempt is made to provide such quanti- 
tative data for a simple inhalation exposure. 


Method 


The particulate material used was a_ water- 
insoluble, oil-soluble dye, FDA D & C Green No. 
6, obtained from the National 
of the Allied Chemical and 
This material offered the following advantages 
as a tracer compound: (a) It acts in the body as 
an inert particulate that is not dissolved in blood 
and other body fluids and not metabolized in’ the 


Aniline Division 


Dye Corporation. 


body; (b) it can be extracted quantitatively by 
the use of fat solvents, separated from interfering 
tissue components by simple washing, and estimated 
directly (by virtue of its inherent color) in a 
spectrophotometer. 

Suitable particle-size fractions of this material 
were prepared by intensive wet-grinding and frac- 
tional sedimentation.’? The 24 and 6m fractions 
were suspended in distilled water and introduced 
into the atmosphere of an exposure chamber by 
high-pressure aspiration. Concentrations in individ- 
ual runs were maintained as close as possible to 
20 mg. of dye per cubic meter of air, the results 
being corrected for 
value. Wistar-strain 


deviations from this 
were exposed to this 
atmosphere for periods up to seven hours, after 
which they were killed. The lungs were removed 


minor 
rats 


Received for publication Nov. 18, 1958. 

From the Division of Industrial Medicine, Jeffer- 
son Medical College of Philadelphia. 

This work was performed under U. S. Public 
Health Grants GS-4389, S-7(C), and S-7(C2). 
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trachea and tracheobronchial 
lymph nodes and treated as a unit. The gastro- 
intestinal tract and its contents were also removed 
and analyzed as a unit: A representative sample 
of skin was obtained by cutting a 1-in. wide strip 
encircling the trunk of the body. Measurements on 
several typical animals showed that the total skin 
area was 5.1 times the area of such a strip; in 
each case, the analytical recovery of dye 


with the 


together 


from 
this sample of skin was multiplied by this factor 
(5.1) to obtain an estimate of the dye retained 
on the entire body surface. Feces were collected, 
weighed, and analyzed at 24-hour intervals. 
Each sample was weighed wet and dried over- 
night in a vacuum oven. When thoroughly dry, 
an equal amount of washed silica sand was added 
to the tissue and the whole ground in a mortar 
until the tissue was reduced to a coarse powder. 
The resulting mixture was transferred to an 
alundum extraction thimble and placed in a Soxhlet 
extractor, A 200 ml. portion of absolute ethyl 
alcohol was placed in the extractor. (It is im- 
portant that the tissue be thoroughly dry and that 
absolute alcohol be used at this stage, since the 
presence of small amounts of free water markedly 
impedes the extraction of dye from the tissue 
in addition, causes the extraction of 
amounts of 


and, large 
interfere with 


the subsequent determination of the dye.) A few 


tissue pigments that 


milligrams of potassium hydroxide and zinc acetate 
were added to each boiling flask to saponify and 
precipitate as much as possible of this interfering 
pigment during the extraction process. When no 
further color was removed from the tissue (usually 
after 24 hours), the extraction thimble was 
drained into the boiling flask and the combined 
extract filtered into a separatory funnel. Carbon 
tetrachloride 25 ml. was added from a pipet, fol- 
lowed by 200 ml. of 1% aqueous sodium chloride, 
added slowly and with continuous shaking. As the 
alcoholic mixture of dye, tissue extractives, and 
carbon tetrachloride was diluted by the aqueous 
saline solution, a variety of precipitates formed. 
The carbon tetrachloride precipitated and_ settled 
out as a layer at the bottom; the tissue extractives, 
most of which are lipids or lipid-like substances, 
separated as a suspension or emulsion in the aqueous 
phase, and the dye appeared in the carbon tetrachlo- 


ride layer. (If the mixture is diluted with an 
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TaBLe 1.—6p Experiment: Dye Recovered 
from Tissues of Rats Exposed for Periods 
up to Seven Hours at 20 Mg. per Cubic Meter 


Hr. from 
Start of Hr. 
Experiment Exposure 


Dye/ Kg. Body Weight, ug. 


Lung Skin G-I Tract Feces * 
2,900 2,448 
7,450 4,172 
2,600 3,760 
180 
30 10 


* Accumulated total. 


aqueous solution before the carbon tetrachloride is 
added, the dye separates with the fatty emulsion 
in the aqueous phase, and subsequent extraction 
with other 


carbon tetrachloride or any of the 


common fat solvents fails to remove it from the 
The tetrachloride 


was drawn off and filtered into a second separatory 


aqueous layer.) carbon layer 
funnel and disolved in another 200 ml. portion of 
The 


alcoholic solution was then treated with 1% aqueous 


ethyl alcohol containing 1 ml. of acetic acid 


saline solution as in the preceding step, and the 
tetrachloride 
free 


carbon layer containing the dye 
filtered 


into a cuvet and read in a Beckman spectrophotom 


nearly from tissue extractives was 
eter at a wave length of 680 my. 

A standard curve was prepared by placing known 
amounts of dye in extraction thimbles and carrying 
them through the blanks 
were determined by analyzing a series of tissues 
from untreated (control) rats. The efficiency of 


entire process. Tissue 


the method was estimated by adding known amounts 


of dye to control tissues and analyzing them. 


When possible, this was done by injecting solu 


tions of dye in known volumes directly into the 


excised control tissues. In some cases, notably 


blood and lung, 


the dye was incubated with the 


TABLE Experiment: Dye Recovered from 
Tissues of Rats Exposed for Seven Hours 
at 20 Mg. per Cubte Meter 


from 
Start of Ir 
Experiment) — Exposure 


Dye/ Kg. Body Weight, ue 


Lung Skin (i-l Traet 
26,246 4,980 
3,927 1,049 
1,521 1,600 
33 
ll 


03.63 33 <3 


tissues for periods up to 48 hours before analysis, 
The 
for the four major tissues 
lung, 93%-97% ; skin, 92% -97% ; 
gastrointestinal tract, 91%-104%; feces, 88%-97% 


without apparent effect on the recoveries. 
percentage recoveries 


were as follows: 


Results 


Tables 1 and 2 summarize the analyses 
of tissues of animals exposed to larger 
and smaller (2) particles, respec 
tively. Each entry in the tables is the mean 
of about 15 standard de 
The 


the exposure to 6a particles are shown in 


determinations, 
viations being 200-30. results of 
igure 1 and those for 2m particles in big 
The found in’ the 
experiments are qualitatively alike. 


ure 2. patterns two 


The 


chief sites of deposition are the skin, the 


gastrointestinal tract, and the respiratory 


system. At each site, the total quantity of 
dye increases during the exposure in a 
nonlinear fashion, the rate of deposition 


——Ex POSE— 


Fig. l.- Transport of 
6m particles after air 
horne exposure for seven 
hours at 20 mg. per cubic 


meter 
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LOGRAM 


Fig. 2.—Transport of 
a . . 

2u particles after air- 
; borne exposure for seven 

hours at 20 mg. per cubic 

2 meter. 
2 

a EAPOSE > 


decreasing with time. After the exposure, 
the amount of dye retained at each site 
decreases at a rate that is different in each 
of the three cases. The levels found may 
or may not approach zero at the end of 
about a week. As the level in the gastro- 
intestinal tract falls, dye appears in the 
feces, the fecal levels being especially high 
during the two or three days following the 
exposure. 

In both experiments, it is possible to 
identify three characteristic phases of the 


DURING 
EX POS URE 
Fig. 3.—Three phases 
in the redistribution of 
particulates in the body 
after air-borne exposures. 
In the early phase most ONE pay 


of the material is on the POST- EXPOS URE 
skin; in the middle phase 
the largest portion is in 
the gastrointestinal tract : 
only the 
is the 


late phase 
portion 


found in the lung. 


largest 
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redistribution process. These three phases 
are summarized in Figure 3. During the 
exposure, and for a short time thereafter, 
the largest total amount of material is found 
on the skin. At this time, the levels in the 
gastrointestinal tract are intermediate and 
the levels in the lung are the lowest. Most 
of this large deposit on the skin, however, 
is held only mechanically and is removed 
rapidly as soon as the animal is removed 
from the exposure chamber. At the end of 
about 24 hours, a new phase makes its 


ONE WEEK 
POST-EXPOSURE 


DISTRIBUTION 


OF BODY 
BURDEN 
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appearance. Skin levels at this time have 
fallen so rapidly, compared to the rate of 
decreasing gastrointestinal levels, that a 
transient but significant phase ensues during 
which the gastrointestinal tract represents 
the largest single depot of dye in the body. 
For example, in the animals examined at 
24 hours, the gastrointestinal tract contained 
52% and 56% of the total dye found in 
or on the body, even after a large amount 
of dye had already been eliminated in the 
feces. This gastrointestinal phase, although 
transitory, can persist for several days, dur 
ing which time a highly significant intestinal 
burden obtains. At the same time, the levels 
of dye in the lung fall at a rate that ts 
readily measurable but very much slower 
than the rates observed on the skin and in 
the gastrointestinal tract. 

After a week or two, the gastrointestinal 
burden finally falls to very low values. A 
third phase, which is relatively permanent, 
now appears. [ven though the lung origi- 
nally received only a very small fraction of 
the total quantity of dye retained on and in 
the body, the rate of clearance from this 
organ is very slow, so that after 7 to 14 
days the residual dye deposit in the lung 
represents nearly all of the dye found in 
the body. The importance of particle size 
last phase. 
Smaller particles show a lower rate of 


becomes evident during this 


clearance than do large particles, with the 


result that the permanent lung burden 
amassed by the deposition of small particles 
is significantly greater than that produced 
by the deposition of large particles. Figure 4 
compares the clearance of 6 and 2u par 
ticles from the lung; it will be seen that, 
judged by half-life estimates, large particles 
are cleared from the lung six times as rap 
idly as small particles. This finding is amply 
confirmed by data reported by other authors 
which have been discussed elsewhere.* 


Comment 

ach of the three major sites involved 
in exposure to air-borne particulates is char 
acterized by its own pecuhar mechanisms 
of defense against penetration by foreien 
agents. of these mechanisnis 
fail under special circumstances. 
sult, the 


hay 
As a re 
hazard associated with exposure 
to any specific agent will be determined by 
two factors: (a) the amount of a foreign 
agent deposited at any given site and (/) 
the adequacy of the defense mechanisms 
against that particular agent at that partic 
ular site. 

Many qualitative observations in 
the field have indicated heavy deposition 
on the skin after exposure to air-borne par 
ticulates. To name only a few reports, 
Drinker and Hatch * evaluate respirators in 
the field by measuring deposits of coal dust 


on supposedly protected areas of the skin: 


Ki LOGRAM 


RAMS 


LLIG 


hig. 4—Comparison of 
rates of clearance of 2, 
and 6m particles from the 
lung. The large particles 
are cleared almost six 
rapidly the 


small particles 


times as 
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Hodge ® has described the appearance of 
a worker coated with a layer of green ura- 
nium tetrafluoride; Looney et al.6 found a 
high degree of radioactivity on the skin of 
persons accidentally exposed to radium sul- 
phate aerosol. The results reported in this 
paper determine quantitatively the degree 
and duration of skin deposition for one 
typical experimental exposure. 

An increase in particle size ordinarily 
reduces the hazard of exposure to particu- 
lates,* partly because at larger particle sizes 
less is deposited in the lung ** and more on 
the skin surfaces.” This explains Punte’s '” 
finding that increasing the particle size in- 
creases the toxic effect of paraoxon. Or- 
vanic phosphate insecticides, compounds of 
high inherent toxicity, are, in addition, read- 
ily absorbed through the skin."' As a rule, 
fat-soluble organic compounds are more 
likely to penetrate the skin, The importance 
of large deposits of radioactive materials 
on the skin is obvious; in addition, ingestion 
of significant amounts may take place 
just as, in the past, considerable amounts 
of lead are known to have been transferred 
from contaminated skin to the digestive 
tract. 

The data presented in this paper show 
the surprisingly high degree of intestinal 
Little 
was known of the significance of this gas- 


deposition in “inhalation exposure.” 


trointestinal deposition when this project 
was suggested. Very recently, more atten- 
tion has been paid to the intestinal effects 
of radioactive particulates. Radioactive ma 
terials behave uniquely in that they inflict 
injury without being absorbed. Andrews," 
studying animals exposed to close-in fall 
out from the could detect 
radiation nowhere but in the gastrointes- 


Nevada tests, 
tinal tract. Morgan et al." have calculated 
that radioactive materials may deliver their 
critical radiation dose to the gastrointestinal 
tract rather than to the lung in air-borne 
exposures, and the maximum permissible 
doses for inhalation exposures of thorium- 
234, radium-223, and polonium-210 were 
estimated on the basis of the doses received 
by the gastrointestinal tract. 
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The systematic study as presented here 
demonstrates not only the magnitude of the 
intestinal deposition but also the fact that 
this deposition continues beyond the initial 
phase of swallowing the material during the 
period of exposure. The mechanism under- 
lying this phenomenon is discussed in detail 
elsewhere.* It may be pointed out that 
special situations may arise from special 
circumstances: for example, radon daugh- 


deliver most of their radiation dose 


within 


ters 
minutes of their formation from 
radon gas,'* so that the effect of the lung 
deposits is rather independent of the slower 
process of expulsion from the lung by 
However, the deposi- 
tion of very large amounts of toxic mate- 
rials in the gastrointestinal tract for periods 
lasting up to 48 hours is of general impor- 


phagocytic action." 


tance. Conditions of absorption in the lung 
differ from those in the gastrointestinal 
tract; metabolic processes take place in the 
latter, and toxic materials absorbed through 
the intestinal mucosa pass immediately 
through the detoxifying apparatus of the 
liver. However, these defenses are probably 
insufficient to deal effectively with the peak 
intestinal burdens described in this report. 
In addition, local effects, especially those of 
radioactive 


carcinogenic 


should be considered. 


particulates, 


Summary 


Rats were exposed to an atmosphere con 
taining insoluble dye particles at 20 mg. per 


cubic meter for seven hours and the body 


tissues examined for dye content for periods 
up to two weeks. A considerable redistribu- 
tion of the particles took place during and 
after the exposure, with the result that three 
distinct phases could be differentiated. In 
the early period, during and immediately 
after exposure, the largest amount of dye 
was found on the skin, a smaller amount in 
the gastrointestinal tract, and the smallest 
absolute amount in the lung. During a 
transitory second phase that lasted 10-14 
days, very large quantities passed through 
the gastrointestinal tract and smaller quan- 


lol. 19, May, 1959 
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tities were retained in the lung, while the 
skin was almost free of the dye. 


Studies 
based on intratracheal injection indicated 
that the gastrointestinal burden during this 
phase included material transported from 
the lung to the intestine by secondary mech- 
anisms. In the last phase, after 10-14 days, 
dye was found only in the lung. The true 
site of exposure thus changed from the skin 
to the gastrointestinal tract to the lung. The 
importance of each of these areas of contact 
will depend on the properties of the noxious 
agent involved. 


Jefferson Medical College of Philadelphia (7) 
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Introduction 

The phosphate ester insecticides first be- 
came commercially available a few years 
after World War Il. In the following 10 
years, they gained wide acceptance among 
agriculturists because of a combination of 
properties which represented significant 
progress toward a solution of a number of 
troublesome problems associated with the 
earlier pesticides. [tach year since their 
introduction has seen a large increase in the 
quantities sold, and in the past decade there 
has been an impressive number of new 
esters of phosphoric acid added to the 
farmer’s armamentarium. Substances of 
this class constitute a significant proportion 
of all pesticides in use today, and, if the 
trend continues, they may soon displace 
the chlorinated hydrocarbons in economic 
importance. 

The high insecticidal activity of these 
compounds is a double-edged sword, for 
many of them are also highly toxic to 
warm-blooded animals, including man. The 
earliest members of the group, parathion 
(O,O-diethyl-O- p-nitrophenyl theophos- 
phate) and TEPP  (tetraethylpyrophos- 
phate) were responsible for frequent 
serious illnesses and a number of fatalities 
among agricultural workers in the early 
years of their use. However, such accidents 
led to proper respect for their hazardous 
properties and to better knowledge of how 
they might be handled safely. As a conse- 
quence, accidents to agricultural workers 
have become relatively less and less  fre- 
quent, while those resulting from careless 
storage of product and disposal of con- 
tainers have become relatively more fre- 


Received for publication Sept. 8, 1958. 
Director of Industrial Health, American Cyana- 
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quent.! In the latter respect, the phosphate 
insecticides are not unlike acetylsalicylic 
acid and methyl salicylate, which account 
for more instances of poisoning in Ameri- 
can children than any other chemical com- 
pounds.” 

The hazardous properties of most of the 
organic phosphate insecticides require han 
dling techniques and equipment that are 
feasible only in commercial operations. For 
this reason, most of those now on_ the 
market will never be available to the home 
gardener. These properties stimulated a 
search by chemists for new compounds that 
might be safe to handle, while still retain- 
ing high insecticidal activity. In 1954, a 
compound was introduced whose toxicity to 
man is very low and whose insecticidal 
activity is not greatly lower than that of 
parathion. This compound, the diethylsuc- 
cinate of O,O-dimethyldithiophosphoric acid, 
appears on the market under the coined 
name, malathion. Many other esters of 
phosphoric acid have been synthesized, but 
to date none has shown the desired com- 
bination of safety and high efficiency as a 
wide-spectrum insecticide that is exhibited 
by malathion. As a result, it is the only 
insecticide of this class that is widely avail- 
able and safe for use in and around the 
home. 

It has been amply demonstrated that the 
only significant pharmacological action of 
this group of insecticides is their ability to 
inhibit the enzyme acetylcholinesterase 
and that all members of the group act in 
a similar manner.4 Extensive histopatho- 
logical studies in man and in experimental 
animals have shown that none of the com- 
mercially available pesticides of this group 
produces damage to living tissue. The 
greater safety of malathion is thought to 


| - 


EXPOSURES TO MALATHION AEROSOLS 


be due to the presence in the liver of man 
and warm-blooded animals of an enzyme 
which splits the malathion molecule into 
fragments which do not have cholinesterase- 
inhibiting properties.>® 

The safety of malathion has led to its 
registration by the U. S. Department of 
Agriculture for many uses in and around 
the home as well as for direct application 
to domestic pets and farm animals for the 
control of ectoparasites. As a consequence, 
it is widely available for over-the-counter 
sale. In several instances it has been ap- 
plied by aircraft over populated areas, and 
in 1956 it was successfully used in this 
manner to blanket 
the Mediterranean fruit fly. 


Florida for control of 
Despite such 
widespread exposure of the public, there 
has been no authenticated report of injury 
to man resulting from any recommended 
manner of use. In fact, there are only four 
verified cases on record of malathion poi- 
soning in man, and three of these resulted 
from the ingestion, either accidental or with 
suicidal intent, of concentrates.7 

The present study was undertaken to 
investigate, under controlled conditions of 
exposure, the susceptibility of man to the 
effects of 


a prison volunteered to expose themselves 


malathion. Sixteen inmates of 
repeatedly to nebulized spray material from 
standard aerosol cans containing formula 
tions of malathion. 


Experimental Design 


Vaterials —Three sets of aerosol bombs 


prepared 


were 
One set contained only the basic vehicle 
The 


formulation of this propellant vehicle was as fol- 


and was to be used for the control group 


lows : 

Tow/w 
Pyrethrins Ext. (18.95%) 0.250 
Piperonyl butoxide 1.000 
Shell Solvent E-407-R 12.512 
Dodge and Olcott 40-R-4770 0.300 
Ungerer Cedar Pine (5387) 0.938 
Freon 11/12 (50-50) 85.000 

100.000 


and 20% 
malathion, respectively. The same basic propellant 
was used in both except that in each 100 gm. of 


The other two sets contained 5% actual 


Gols 


aerosol the required amount of malathion was 
substituted for an identical quantity of Freon. The 
malathion used in these aerosols was 95% premium 
grade. 

Subjects. — Sixteen apparently healthy male 
prisoners ranging in age from 23 to 48 years were 
used. The body weights of the subjects ranged 
from 161 to 206 Ib. They were divided arbitrarily 
into four groups of four men each. The subjects 
knew nothing about the nature of the material to 
which they were to be exposed. 

Place of Exposwre—All exposures took place in 
solitary-confinement cells. The dimensions of these 
cells were approximately 18 ft. long by & ft. wide 
by 12 ft. high. From this it may be calculated that 
they had a capacity of about 1,700 cu. ft. The 
walls, floor, and ceiling were of solid construction 
The only opening into each cell was a barred door 
which was covered with a sheet of plywood during 
the exposures to minimize air movement 

The Exposures—Fach group of four men was 
taken cell. predetermined amount ot 
aerosol was discharged into the atmosphere by 
holding the can above the head and directing the 
spray 


into a 


stream upward at an 


degrees with the ceiling. 


angle of about 45 
While discharging the 
spray material, the operator walked the length of 
the cell. 
Group 1——This was the control group and was 
ex posed to the basic propellant vehicle containing 
no malathion. The 


discharge not less than 5.1 gm 


operator was instructed to 
nor more than 5.6 
gm. of aerosol to the atmosphere. This gave an 
application rate of 3 gm. per 1,000 cu. ft. with 10% 
allowable overexposure 

Group 2.—This group was exposed to the 5% 
formulation. ‘The 


less 


malathion 
structed 


operator was i 


to discharge not than 5.1 gm. noi 
than 5.6 gm. of the 


This 


more formulation to the 


atmosphere gave an application rate of 3 


gm. of 5% malathion per 1,000 cu. ft. with 10% 
allowable overexposure, or 0.15 gm. of actual 
malathion per 1,000 cu. ft 

Group 3.—Group 3 was exposed to the 20% 
malathion formulation. The operator was in 


structed 


to discharge not less than 5.1 gm. nor 


more than 5.6 gm. of the 
This gave an application rate of 3 
gm. of 20% malathion per 1,000 cu. ft 10% 
allowable actual 


formulation to the 
atmosphere 
with 
overexposure, or 0.60) gm. of 
malathion per 1,000 cu. ft 

Group 4.—This group was exposed to the 20% 
formulation. The 
less 
22.4 gm. of the 
This gave an application rate of 12 
gm. of 20% malathion per 1,000 cu. ft 10% 
allowable actual 


malathion operator 
than 


formulation to the 


was in 
structed to discharge not 20.4 gm. nor 
more than 
atmosphere 


with 
overexposure, or 24 gm. of 
malathion per 1,000 cu. ft 
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holinesterase 


Activity- 


Group 2, 
3Gm.5% Malathion/1,000 Cu. Ft. 


Group | 
Control 


Subject i ‘ M y F I N 


PL RBC) PL ‘ PL RBC PL RBC PL RBC PL RBC PL RBC PL RBC 


Mean Preexp. 


Ur 0.606 0.949 0.783 0.735 0.703 0.645 0.756 0.628 0.678 0.690 0.762 0.628 0.789 0.843 0.801 


Feb. 3 115 97100 97 104 12 93 


Feb. 113 103 
Feb 125 
Feb. 17 104 
Feb. 4 15 97 
March 3 113 H) 101 
March 10 M4 SO 
March 17 


113 120 104 107 3 100 
109 5 115 104 

110 97 112 

114 100 106 

104 4 107 

115 106, 107 

104 102 os 


* Expressed as percentage of preexposure activity. PL indicates plasma; RBC, red blood cells. 


\ scale was provided in the cell, and the 
aerosol containers were weighed before and after 
each exposure to ensure that the proper amount 
of material had been discharged. 

Each group remained in the cell for one hour 
after each atmospheric application. 

Identical exposures were repeated twice a day, 
seven days per week, for six consecutive weeks. 
Kach man, therefore, had 84 exposures in 42 days. 

Observations —Physical examinations were per- 
formed on all of the men before the start of the 
experiment and at weekly intervals throughout its 
duration. Particular attention was given to the 
detection of cholinergic signs and symptoms. The 
men were weighed at weekly intervals throughout 
the experiment. 

Venous blood samples were taken from each man 
twice weekly for two weeks before the first ex- 
posure, twice weekly for the first two weeks of 
the experiment, and then once a week until one 
week after the last exposure. The samples were 
collected in heparinized tubes and were carried by 
special messenger to the laboratory. The elapsed 
time between the taking of the samples and their 
arrival in the laboratory did not exceed two hours. 
Since the experiment was carried out during winter, 
it was not considered necessary to refrigerate the 
samples in transit. 

Upon arrival at the laboratory, plasma and red 
blood cells were separated and cholinesterase actiy- 
ity determinations were performed in’ duplicate 
upon each fraction by the electrometric method of 


Michel 


Results 


At no time during the study did any 
man experience any cholinergic symptoms 
or signs. Repeated physical examinations 
revealed no significant deviation from the 
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findings on preexposure examination, and 
there was no important change in body 
weight. Exposures were terminated on 
March 10, 1958, at which time the greatest 
amount of weight lost by any man was 
2 Ib. and the greatest amount gained was 
4 Ib. 

The men in Group 4 experienced some 
nasal irritation during the first 5 to 10 
minutes of each exposure, and occasionally 
slight conjunctival 
The men in Groups 1, 2, and 3 noted no 


they noted irritation. 
discomfort of any kind. 

The cholinesterase activities are reported 
in the Table and in Figures 1-4. The nor- 
mal activity for each man was taken as the 
mean of the four preexposure determina 
tions. The test results are expressed as 
percentages of these normals. 


Comment 
Erythrocyte Cholinesterase Activity. A 
glance at Vigures 1-4 will show that eryth- 
rocyte fell 
below 90 of normal, except on March 10, 


cholinesterase activities never 
the last day of exposure, in the cases of 
Subject B of the Control Group and Sub- 
ject N of Group 2. On that date these 
values were 80% and 77, respectively. 
In both cases, all of the earlier and the 
single determinations — fol- 
lowed virtually horizontal line. Such 
evidence suggests that these two aberrant 
results were due to technical error. 
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Plasma Cholinesterase Activity.—\n Sub 


jects B, G, and M of the Control Group, 


plasma activity levels the 80-90% 
range were recorded on March 10. In Sub 
ject L. of the Control Group and Subject N 


of Group 2, plasma activities of 
57%, 
March 


control 


and 
respectively, were also recorded on 
10. 


subject 


Four of these five men were 
the 
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AND WERE TERMINATED ON MARCH 10,1958 
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erratic and, since they all occurred on the 
same date, they must be ascribed to tech 
nical error. 

Depressed plasma values were also ob 
served in Subject of Group 3 and Sub- 
ject K of Group 4. Subject E followed a 
pattern of steadily falling activity from the 
midpoint of the experiment to the end, when 
the value reached its lowest level of 610. 
Subject Ko had values of 95% to 105% 
during the first half of the experiment, 
which then fell abruptly to 83%, remaining 
between 809 and 889% for the balance of 
the study. In neither case were there ac 
companying decreases in erythrocyte cho- 
linesterase activity. 

In all other subjects, plasma cholines- 
terase levels remained above 90% _through- 
out the study. 
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TWICE DAILY EXPOSURES WERE BEGUN ON JANUARY 27,1958 


ERYTHROCYTE ChE 


The cause of the decreased plasma cho 
linesterase activity in Subjects FE and Kk 
is not clear. At first glance, one might be 
tempted to attribute it to malathion absorp 
tion. However, there are several reasons 
why this is probably not the case. 

1. Plasma cholinesterase is a nonspecific 
esterase whose activity is readily depressed 
by a number of influences other than phos 
phate esters. These include dietary defi- 
ciencies as well as a wide variety of drugs. 
On the other hand, erythrocyte cholines 
terase is a specific enzyme, the only known 
depressants of which are certain carba 
mates and alkyl phosphates. In the cases 
of Subjects E and K, RBC cholinesterase 
levels were not depressed as might have 
been expected if toxic amounts of mala 
thion had been absorbed. I-urther, 11 of the 
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16 test subjects had mean preexposure 4. In laboratories that regularly perform 


plasma cholinesterase activity levels signifi- 
cantly lower than any published normal 
value, whereas all 16 had a normal range 
of KBC cholinesterase activity. This sug 
gests that abnormal plasma _ cholinesterase 
activity due to causes other than malathion 
absorption might have been at play. 

2. In general, when plasma cholinester- 
ase is depressed by the phosphate esters, 
it rebounds sharply after exposure has been 
terminated. In neither case under discus- 
sion Was it significantly increased one week 
after the last exposure. 

3. In experimental animals that have 
been dosed with toxic quantities of mala 
thion, inhibition of cholinesterase activity 
occurs earlier and is greater in the eryth- 
rocytes than in the plasma. 


Gols 


large numbers of cholinesterase tests, it is 
a common experience to find occasional 
erratic results with the plasma determina 
tion. These usually conform to no recog 
nizable pattern. They often occur in the 
absence of any known exposure to phos 
phate ester insecticides, and they are usu 
ally inexplicable. Moreover, they frequently 
occur in the same run of tests. 


Summary and Conclusions 
Twelve human subjects were exposed to 
malathion, the diethylsuceinate of O,O-di 
methyldithiophosphoric acid, in various 
the 
subjects served as controls. 
were severer than might reasonably be ex 
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pected to oceur in unsupervised domestic 
use of malathion aerosol bombs that might 
become commercially available to the pub 
lic; the exposure at the highest concentra- 
the that 
practicable to achieve under the conditions 


tion was most intense was 
of this study. Careful observation of the 
test subjects failed to reveal any  signifi- 
cant effect from 84 such exposures in 42 
consecutive days. It is concluded that aero- 
sol bombs containing 5% malathion are 
safe for domestic use insofar as the mala- 
thion content is concerned, 

The experimental portion of this study was per- 
formed under the direction of Albert M. Kligman, 
M.1). the Post Graduate School of Medicine 


of the University of Pennsylvania, Philadelphia 


of 


The cholinesterase determinations in this study 
were performed by Miss Florence Hermenze in 
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the laboratories of the American Cyanamid Com 
pany, Princeton, N. J. 


30) Rockefeller 


American Cyanamid Company, 
Plaza. 
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Cancer of the Scrotum in Wax Pressmen 


I. Epidemiology 


N. V. HENDRICKS, Ch.E., Linden, N. J.; C. M. BERRY, Ph.D., lowa City; J. G. LIONE, M.D., 


Baton Rouge, La., and J. J. THORPE, M.D., New York 


I. Historical 


Cancer of the scrotum as related to occu- 
pation was first recognized by Sir Percival 
Pott! in the eighteenth century. Recent 
investigators have reported scrotal cancer 
among wax pressmen in the petroleum in- 
dustry. Several previous papers? and 
texts *® refer to such observations. 

Although the observations have 
been recorded, none has been presented in 


above 


a quantitative manner based on epidemio- 
logical and statistical studies. The purpose 
of the present paper is to give a definitive 
epidemiological study of scrotal cancer 
among a group of 82 wax pressmen. The 
observation period covers 20 years from 
1937 to 1956, inclusive. 


II. Study Method 


This study was initiated in 1947, by a review of 
all cancer cases from a refinery where wax was 
manufactured. Among the cases listed were two 
scrotal cancers. Owing to the very low incidence 
of scrotal cancer in the general population, these 
cases at once suggested some unusual factors in 
their etiology. Therefore, steps were taken for 
a detailed study of scrotal cancer using epidemio- 
logical and statistical procedures. Since the time- 
exposure relation in occupational cancer appeared 
to be a factor of great importance, the study in- 
cluded available records for the previous 10 years 
and was continued for an additional 10 years giving 
experience over a 20-year period. 

The important steps in carrying out the study 
were as follows: 

Received for publication Sept. 8, 1958. 

The Esso Research and Engineering Company 
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State 


1. All cancer cases reported from the refinery 
were tabulated. From these, incidence rates were 
calculated for each year included in the study. 

2. Detailed occupational histories were developed 
for all reported malignant tumor cases. 

3. Occupational histories were studied on all 
persons working one day or longer in wax manu- 
facture. Medical records of these workers were 
carefully screened. 

4. Wax pressmen were separated into two 
groups, those having 10 years or more service 
and those having less than 10 years service. Ten 
years was selected as the separation point because 
the minimum exposure period for any of the ob- 
served scrotal cases was 10 years in wax pressing. 

5. From the above procedures, data were ob- 
tained which were tested by statistical procedures 
as follows’: 

— Px 
S. E. = \/ 
S.E.= standard error 
P = percentage having the characteristic be- 
ing studied 
O = percentage not having the characteristic 
being studied 
N =man-years of observation 

A difference between the rate for the observed 
group and the rate for the general population 2.5 
times the standard error was used to define sta- 
tistical significance. This limits the occurrence by 
chance to about 1 in 100 times. 


III. Cancer Incidence for All Refinery 
Workers over a Twenty-Year Period 

All cancer cases reported during the pe- 
riod Jan. 1, 1937, through Dec. 31, 1956, 
were included in the tabulation for the 
refinery as a whole. These cases, with inci- 
dence rates, are shown in Table 1. 

The reported *® age-adjusted cancer inci- 
dence for the general white male population 
was 338 per 100,000 at the midpoint of the 
20-year study period. With this figure as 
a basis for comparison, the average figure 
of 339 and median incidence figure of 346 


CANCER OF SCROTUM 


TABLE 1.—Occurrence of Reported Cancer in 


Refinery Workers, Jan. 1, 1937—Dec. 31, 1956 


Av. No. Crude Rate/ 
Refinery Reported 100,000 
Year Workers Cases Workers 
1987 3,628 2 5S 
1938 __ 3,878 8 206 
1930. _... 3,312 211 
a 2,956 7 237 
1941 = 2,629 5 190 
1942 2,622 5 191 
1943 2,523 10 396 
1944_- 2,470 6 243 
1945 2,554 9 352 
1946 2,507 5 ly 
1917 2,601 
1948_ 2,504 13 07 
1949_ on 2,460 12 488 
2,467 16 
1951 2,493 9 361 
1952 2.470 9 304 
1953 2,341 13 5a 
194 2,214 5 226 
1955 2,022 7 346 
1956__ 1,880 9 479 


for the refinery as a whole were within 
expected limits. 


IV. Cancer Incidence in 
Wax Manufacturing 
A number of the cancer cases from the 
refinery occurred among men who, at some 
time, had worked in wax manufacturing. 
Table 2 


cases between workers in wax manu factur- 


shows the distribution of cancer 


ing as a whole and workers engaged in wax 
pressing. 

Irom the above data, it became evident 
that the group of 82 wax pressmen with 
10 years or more service, representing only 
about 3% of the refinery population, had 
accounted for 11% of the cancer 
The real significance of this tabula 


about 


cases. 


TABLE 3. 


Incidence of Cancer Among Workers 
Engaged in Wax Manufacturing 


Average 


Annual 


Group Rate/100,000 


General white male population___- 

Refinery workers as a whole 

Wax department workers so engaged 10 years or 
more WS 


338.0 
339.0 


Pressmen so engaged 10 years or more - 1,393 
Wax department workers engaged in wax man- 
ufacturing 10 years or more (exclusive of press 
men so engaged 10 years or more) 402 


Hendricks et al. 


TABLE 2.—Cancer Distribution Among Workers 
Engaged in Wax Manufacturing, 1937-1956 


% Total 
Assignment No. Cancers 
in Wax No. “ Refinery Cancer Occurring 
Manufacturing Workers Population Cases — 1937-1956 
Ten years or more 
in wax man- 
ufacturing 391 13.6 26 14.2 
Ten years or more 
in wax pressing 82 2.9 19 10.6 


tion was the fact that of the 19 cancer cases 


with 10 years or 
service, 11 were scrotal lesions. 


among pressmen more 

Since data in Table 2 pointed definitely 
toward wax pressmen, incidence figures for 
this group were calculated and compared 
with similar figures for the general popula 
tion and other work groups in wax manu- 
facturing. These comparisons are shown in 
Table 3. 

The rate for pressmen with 10 years or 
more service was substantially higher than 
the rates for the other groups. The inci- 
dence for wax workers, other than press- 
men, was essentially the same as for the 
refinery as a whole. Incidence figures for 
the pressmen with 10 years or more service 
confirmed suspicion arising from distribu 
tion figures given in Table 2 and suggested 
the need for a more detailed analysis of this 
group. 


V. Cancer Incidence Among Pressmen 
with Ten Years or More Service 


The group of pressmen with 10 years or 


more included 


82 workers. Their 
cancer experience for the 20-year period is 


given in Table 4. 


service 


TABLE 4.—Cancers in Pressmen 


Working 
Ten Years or More as 


Pressmen 


Site of Lesion Causes 
Stomach 
Lung 1 
Reetum 1 
Intestines 2 
Scrotum 
Unelassified 1 


TaBLe 5.—Comparison of Incidence of Cancer 
Among Lighty-Two Pressmen Working Ten Years 
or Longer as Pressmen with That of General Male 

Population (Age Group, 45-64 Years) 


Rate/ 100,000 


No General 


Site of Cancer Cases Pressmen Population * * 


Serotum. 806 0.15 
All other sites __- 7 587 703 


* Age group 45-64 (white men). 
+ Calculated from data obtained from The American Cancer 
Society. 


The incidence of cancer in this group is 
given with that of a comparable age group 
of the general male population in Table 5. 

(Of the 82 pressmen, 76 were at least 45 
years old on Jan, 1, 1937, the beginning of 
the observation period. Of the remaining 
six, four were past 40 years of age on that 
date. Therefore, the cancer incidence rate 
for the general male population in Table 5 
“AIL other age 
group 45-64 years. 


under sites” was for the 


“All 
grouped together because of the extremely 
small number of cases and the difficulty in 
drawing accurate conclusions from = them. 
The 
scrotum 
that 


Cancers listed as other sites” are 


incidence rate for cancer of the 


is statistically while 


for “All other sites” 


significant, 
is not. 


VI. Workers Engaged in Wax Pressing 
for Less than Ten Years 


No scrotal cancers were reported among 
workers with fewer than 10 years assign- 
ment as wax pressmen. 


VII. Wax Manufacturing Methods 


1950.—-Figure 1 illustrates 
by flow diagram the method of wax manu 


A, Prior to 


| 
erec 


Tee 


Fig. 1. 
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I*ractional 
wax-containing 
This distillate, 
containing about 8% wax, was chilled in 
Carbondale or Vogt chillers. At this re- 
duced temperature the wax came out of 


facturing in use prior to 1950. 
distillation the 
fraction from the crude oil. 


separated 


solution and was suspended in the oil. The 
oil containing the suspended wax was car- 
ried under high pressure at low tempera- 
ture into Moore wax presses of plate and 
frame type, where the wax was “pressed” 
out of the oil. This 
“slack” or crude wax. It has a melting point 
varying from 105-120 F and contains from 
20% -40% of the oil distillate. The oil distil- 
late varied in its characteristics depending 


wax is known as 


on the sources of the crude oil being proc- 
essed. The oil distillate, making up 20%- 
40% of the “slack” or crude wax, contained 
from 7%-25% aromatic type compounds. 
It is the aromatic portion of this oil and not 
the wax which Smith and his co-workers ' 
demonstrated to have carcinogenic proper- 
further 
steps of wax manufacture the oil content, 
and 


ties when painted on animals. In 
thus the aromatic materials, are re- 
moved from the wax, and the final product 
contains less than 0.5% oil. 

Subsequent to this separation of oil and 
wax, the presses were “broken” or opened 
so as to permit separation of the individual 
plates. The “slack’’ wax was then removed 
manually from the plates with iron bars by 
a team of workers called pressmen. 

As the 
the plates, it dropped down onto a conveyor 


“slack”” wax was removed from 
system. It was then transferred to receiver 
tanks where it was melted and pumped into 
treating plant storage tanks. There is was 
treated with sulfuric acid and later neutral- 
ized with caustic soda. Vor refined wax, a 
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Refinery wax operations prior to 1950. 
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Fig. The type of exposure experienced by a 
Wax pressman. 


This 
reduced the oil content to less than 0.5. 


“sweating” operation followed next. 
Finally a filtration of the liquid wax re 
moved color impurities. 

B. Exposure of Pressmen to “Slack” or 
Crude Wax.—The separation and removal 
of the wax from the presses was heavy 
work. In leaning across the side rail of the 
presses to clean the plates, the workers’ 
clothing became contaminated with “slack” 
wax, especially the lower abdominal and 
genital areas. It was the practice to tie 
burlap bags around the waist as protective 
aprons. These soon became saturated with 
wax and aromatic oil, as well as the clothing 
underneath. Since these aprons and cloth 
ing were changed infrequently, exposure 
was prolonged. In the absence of frequent 
and adequate bathing, the exposure was in 
effect, continuous. Figure 2 shows cleaning 
of wax-press plates and illustrates the type 
of exposure experienced by a wax press 
man. 


are 
stace HEP 
3 
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Refinery wax operations today 


C. Wax Manufacturing Methods Since 
1950 
the method of wax manufacture at the re 
finery under study since 1950. In this sol- 
vent dewaxing process, methyl ethyl ketone 
is added to the distillate feed stock. This 
solvent is characterized by a high solvent 


Figure 3 contrasts by flow diagram 


power for the oil—less for the wax, par 
ticularly at low temperatures. 
feed-stock 
produce a complete solution. 


Initially the 


solvent heated to 


mixture 1s 

The mixture is then cooled until the wax 
crystallizes, which it does readily, since the 
oil, now dissolved with methyl ethyl ketone, 
The 
solidified wax separates clearly from the 
thin This 


then filtered. By the use of solvent dewax 


has lost its solvency for the wax. 


oil-solvent: mixture. mixture is 
ing, a single operation accomplishes more 
than several repeated operations under the 
pressing or sweating method. Newer meth 
ods of catalytic hydrogenation and Porocel 
filtration have replaced acid treatment and 
clay filter methods used with wax pressing 
and sweating processes. 

This newer wax manufacturing process 
essentially eliminates exposure on the part 
of workers, with the exception of occasional 
mechanical workers. Some of the features 


of this process are shown in Figures 4 and 5. 


VIII. Discussion 
The analysts of scrotal cancer experience 
among the wax pressmen leaves no doubt 
that these lesions were directly associated 
with the and 
longed exposure to “slack” or crude wax 


extensive, continuous, pro 


by these persons over a period of years. We 


have no ready explanation for the observa 


1957 
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Fig. 4.—Control room for solvent extraction 
equipment. Process workers control operation of 
the plant with electronic instruments and rarely 
come in contact with wax except during mechan- 
ical repair periods. 
tion that all malignant skin lesions found 
among the pressmen in this study were 
confined to the scrotum. Tabulations by 
other investigators? reveal lesions of the 
arms and legs, as well as of the scrotum. 

In contrast is the experience of workers 
at the only other point in the pre-1950 proc- 
ess offering significant exposure to wax, 
namely, at the molding and emptying of the 
finished wax. These men lifted and carried 
cakes of wax from the molds to final packag- 
ing. Contact between the skin of the hands 
and forearms and finished wax was intimate. 
The principal differences between their ex 
posure and that of the pressmen were (1) 
the absence of aromatic oil in finished wax, 
and (2) absence of the “wetting” effect of 
the oil, Fifty men worked with only fin 


ished wax for 10 years or longer. During 
the 20-year observation period (1937-1957 ) 
seven cancers developed in these workers 


two of the rectum and one each of the lip, 


cheek, stomach, tonsil, and lung. The total 
cancer incidence for the group was 806 per 
100,000 compared to a rate of 703 for the 
general white male population in the 45-64 
age group.” This difference is not. statis- 
tically significant. 

We believe that the absence of any un- 
usual cancer incidence among workers with 
finished wax only is consistent with experi- 
mental animals 


studies on reported 


Smith et al.!° In the course of experimental 
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Fig. 5.—Giant refrigerator box through which 
slabs of wax are moulded and cooled automatically. 
This modern method greatly minimizes workers’ 
handling of the material. 


testing of a number of compounds they 
noted that crude wax had a relatively low 
order of carcinogenicity. In further studies 
aromatic extracts were separated from the 
slack waxes by silica gel absorption. These 
aromatic fractions were then applied to 
and in instance showed a 
much greater potency than the crude wax. 
On the basis of these studies, 


animals every 


Smith con- 
“slack” 
waxes was not due to the paraffins but to 
the aromatic portion of the oil from which 
the wax was pressed. 


cluded that the carcinogenicity of 


IX. Conclusions 


1. The occurrence of scrotal cancer cases 
in a refinery where wax was manufactured 
led to an epidemiological study of a group 
of wax pressmen. 

2. Cancer incidence figures for the re- 
finery as a whole were comparable to sim- 
ilar figures for the general male population. 

3. The incidence of cancer among work- 
ers engaged in wax manufacture (exclusive 
of pressmen with 10 years or more service) 
was not materially different) from that 
among the general male population. 

4. The incidence of scrotal cancer among 
wax pressmen with 10 years or more service 
was many times that of the general male 
population and without question is  statis- 
tically significant. 


Vol. 19, May, 1959 


A 
: ge 
ape 
— 


CANCER OF SCROTUM 


5. The observed cases of scrotal cancer 
were directly associated with the extensive, 
continuous, prolonged 
“slack’’ or crude wax in the course of wax- 


and exposure to 


pressing operations. Such exposures could 


have been minimized or prevented by fre- 
quent bathing and the wearing of clean 
work clothing, practices which were insti- 
tuted subsequently.” 


The Esso Research and Engineering Company. 
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Cancer of the Scrotum in Wax Pressmen 


Clinical Observations 


JOHN G. LIONE, M.D., Baton Rouge, La., and JOHN S. DENHOLM, M.D., Westfield, N. J. 


The this (1) to 


report the occurrence of 10 cases of squa- 


purpose of paper is 


mous-cell carcinoma of the scrotum in 


petroleum Wax-press operators; (2) to dis- 
1,2. (3) to 


outline the salient clinical manifestations as 


cuss the etiology of the disease 


seen i these patients, and (4) to outline 


the program instituted to prevent future 
exposure Of these workers to circumstances 
giving rise to the disease as well as to insure 
the continued health of those previously 


exposed, 


Historical Review 

Carcinoma of the scrotum was described 
among chimney sweeps by Percival [otts 
as an occupational disease in a small bro- 
chure published in London in 1775, entitled, 
“Chirurgical Observations Relative to the 
Cataract, Polypus of the Nose, The Cancer 
of the Scrotum, Mortification of Different 
Kinds of Ruptures, and The Mortification 
of the Toes and Feet.” Little effort was 
made, however, to investigate the chemical 
character of the causative agent until 1918. 
Ross * showed at this time that soot from 
coal contained a carcinogenic agent; the 
more bituminous the coal, the more concen- 
trated was the carcinogenic agent in_ the 
soot. 

Passey * made repeated applications of 
back of a white 
leading to the development of skin cancer. 
Southam Wilson * 


oil as the causative substance in cancer of 


coal soot to the mouse 


and incriminated shale 
the scrotum in mule-spinners in the textile 
industry. Their findings were corroborated 
in the same year by Leitch.® 


The first report on the subject in_ this 


country was prepared by Schamberg * 


Received for publication Sept. 8, 1958. 
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1910. 
of the scrotum occurring among employees 
in paraffin plants in the Chicago area. Dur- 
ing the period 1933 to 1948, there were 521 
deaths in the United States attributed to 
carcinoma of the 


He reported 1&8 cases of carcinoma 


scrotum, an average of 


32.5 deaths per year * (Table 1). The em 


Taste 1.—Number of Deaths Reported in 
1933-1948 Due to Cancer of the Scrotum * 


Race 


White Negro 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 


vase 


Totals_. 
Av. deaths/year__. 25.1 


* National Office of Vital Statistics. * 


ployment histories of these men were not 
reported. 


Worker Exposure in Wax Manufacture 
The wax from 
crude petroleum has been carried out in 


production of refined 


this country for many years. During the 
period 1900 to 1950, there were few basic 
technological changes in the process. 
I*ractional distillation separated the wax 
containing distillate from the crude oil, This 
distillate was chilled in Carbondale or Vogt 


| 
Total 
34 
3 30 
34 
26 
24 
: 32 
35 
44 
34 
40 
4) 
32 
j 
25 
35 
29 521 
| 
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Fig. 1. 
plates in wax press with 


Separating 


use of steel cleaning bars. 


Chillers and was then carried under high 


pressure at low temperature into Moore 


plate and frame type 
(lig. 1), where the wax was “pressed” out 


wax presses of 
of the oil. This wax was known as “slack,” 
or crude, wax.* It had a melting point 
varying from 105 to 120 F and contained 
from 20% to 40% of the oil distillate. The 
presses were then “broken,” or opened, so 
as to permit separation of the individual 
plates. The “slack”? wax was then removed 
manually from the plates with bars by a 
team of workers called pressmen (lig. 2). 

As the 
the plates, it dropped down onto a conveyor 
system. 


“Slack” wax was removed from 


It was then transferred to receiver 
tanks, where it was melted and pumped into 
treating-plant storage tanks. There it was 
treated with sulfuric acid and later neutral- 
ized with caustic soda. The wax “sweating” 
operation followed next. This reduced the 


oil content in the wax to less than 0.50%. 


* “Slack” wax is same as crude wax. The two 


terms are used interchangeably throughout this 


paper 
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Finally, a filtration of the liquid wax re 
moved color impurities. 
The 


plates was heavy work. 


separation and dewaxing of the 
In leaning across 
the side rail to clean the plates, the worker's 
clothing became contaminated with “slack” 
wax, especially in the lower abdominal and 
genital areas. It was the practice to tie 
gunny sacks around the waist as protective 
aprons, but saturated 


with wax and oil. Since these aprons and 


these soon became 


clothing were changed infrequently, expo 
sure was prolonged. In the absence of fre 
quent and adequate bathing, the exposure 
was, In effect, continuous.+ 


Report of Cases 


The following 10 cases of carcinoma of the 
scrotum are described so as to illustrate the usual 
clinical course of serotal cancer as well as 
of the variations and complications thereof 
Cast 1.—A pressman 


complained of an uleer on the right anterior aspect 


some 


53-vear-old white wax 


LO51, the 


method 


+In solvent-extraction (methyl ethyl 


ketone ) was introduced, replacing — the 


above deseribed operation 


/ 
- 
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Fig. 2. 


of the serotum of two weeks’ duration. The lesion 
It was elevated 
There 


was a central area of ulceration partially covered 


measured about 2 cm. in diameter. 
about 0.5 cm. above the adjacent tissue. 
with a yellow crust. The lesion bled readily on 
manipulation but was painless. In the right groin 
there was a palpable lymph node. A diagnosis of 
squamous-cell carcinoma of the scrotum with right 
The 


patient was referred to his physician for treatment. 


inguinal lymph node metastasis was made. 


Several days later a wide excision of the pri- 
Resection of the in- 
Pathological 
study corroborated the clinical diagnosis. The pa- 
tient was given a series of x-ray treatments over 
While there was diminution in the size 
of the node, it remained palpable. 


mary lesion was performed. 


guinal lymph node was not. done. 


the area 


lifteen months later it was noted that there was 
a marked increase in the size of the node in the 
right grom. Further x-ray was applied to the 
area without appreciable effect. The patient began 
to complain of severe pain in the lower abdominal 


region. Pitting edema of the right leg developed. 
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Team of pressmen removing “slack” wax from plates. This wax contained 20% 
to 40% pressed oil, which contained active carcinogenic factor. 


Extension of the neoplasm into the pelvic nodes 
with circulatory obstruction to the extremity was 
suspected. The patient died approximately two 
years after the onset of the primary lesion. No 
autopsy was performed. 

Casrt 2.—A 56-year-old white man worked as a 
wax pressman for 28 years. He reported that about 
two months previously he had developed a lesion 
on the right anterior aspect of the scrotum. This 
he attributed to a scratch with his fingernail. 

Examination revealed a slightly elevated, hard, 
red, indurated lesion approximately 23 cm. in 
diameter. There was a central area of ulceration 
material, Although a_ tentative 
diagnosis of epithelioma was made, the patient 
refused to submit to operation at the time. There 


was progressive increase in the size of the lesion. 


exuding serous 


Nearly a year later he was prevailed upon to 
accept treatment. The affected area was 
widely excised. There was no evidence of inguinal 
node involvement. 

The reported as follows: “The 
stroma is invaded by masses of epithelium which 


proper 


pathologist 
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Figure 4 
i scar where initial lesion was excised nine months 
Fig. 3 (Case 4).—A 59-year-old press- Flier. 
man. Second primary carcinoma of the 


Fig. 4 (Case 5).—A 59-year-old pressman. Biopsy 
scrotum occurring adjacent to operative i 


revealed (a) squamous-cell carcinoma and (b) 
atypical epithelial hyperplasia. 


Fig. 5 (Case 6).—A 59-year-old pressman. 
Squamous-cell carcinoma of scrotum, showing ul- 
ceration and crusting. 


Fig. 6 (Case 6).—A 59-year-old pressman. 

Squamous-cell carcinoma of scrotum. Acanthotic 

epidermis, showing many secondary and tertiary 

Fig. 7 (Case 7).—Squamous-cell carcinoma of the rete pegs, many of which are hyperchromatic and 
scrotum in a 58-year-old wax pressman. contain dark-staining nuclei. Whorls and pearls ar 


demonstrated 


| 
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have keratinized cytoplasm and frequently form 
pearls. Mitotic figures are occasionally seen. There 
is marked inflammatory 


reaction. Pathological 


Diagnosis: Squamous cell carcinoma, Type 1.” 
Careful inspection of the scrotum was done by 
the plant physician at three-month intervals. Al- 
most three years after the onset of the first lesion, 
a small lesion was discovered adjacent to the scar 
from the previous operation. The patient stated 
that he had first noticed this two months previ- 
return in two to 
When he re 
was noted that the 
It measured 4X4 mm 
in size and was raised about 1 mm. above the sur 
tissue. It 
layer was crusted. 


ously. He was instructed to 
three weeks for another checkup. 
month later, it 


turned one 


lesion had grown rapidly. 


was circumscribed 
The patient 
pitalized and a wide excision of the lesion per 


rounding The top 


was again hos 


formed. The pathological report confirmed the 
diagnosis of recurrent squamous-cell carcinoma 

Two years later a shallow ulcer was noted at 
another site on the right scrotum. It was round, 
measured 4 mm. in diameter, and had a raised in 
durated edge. Surgical excision was performed 
The pathological examination revealed a squamous 
cell carcinoma. The pathologist stated, “micro 
scopic section shows squamous epithelial covering, 
but there is some ulceration with hemorrhage and 
irregular epithelial growth with invasion of the 
deeper layers with anaplastic, small epithelial cells 
There are lymphocytic reactions and a dense fi 
brous wall.” 


Comment.—lIn this case an ulcerating squamous 
cell carcinoma of the scrotum remained untreated 
for a period of over one year. In spite of this, 
metastases did 
third 


developed which were eradicated by prompt surg 


the lesion remained localized and 


not develop. A second and then a lesion 


further recurrences have oc 


curred in the 11-year follow-up 


ical excision. No 


Cast 3—A_ 62-year-old) white man who had 
heen «a wax pressman for 22 years first souglit 
medical attention from his family physician be 


cause of a “weeping wax boil” on the right side 
of the scrotum. The first impression of the doctor 
was that this was a lesion of syphilis. But after 
the lesion failed to respond to local treatment with 
kinds of 


treated with electrocautery 


various ointments, it was incised and 
first 
the plant physician, the lesion had failed to heal 
Palpable enlargement of the right inguinal nodes 


was present 


seen by 


A Inopsy was done. The pathological 
diagnosis was squamous-cell carcinoma 


of the 


I.xcision 
X-ray 
There 
was regression in the size of the inguinal nodes, 
but they remained palpable. 


primary lesion was performed 


therapy was applied to the inguinal region 


Follow-up examinations revealed no change until 


15 months later. At that time the skin of the 
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scrotum was dry and parchment-like. There was 
a healed smooth scar on the right side. There was 
no evidence of lymph node enlargement in the left 
inguinal region. On the right side, however, there 
was a palpable node measuring 32.5 cm. 


stony-hard. A 


It was 


radical resection of the inguinal 


lymph nodes was made. The clinically palpable 
node was found to be one of a chain of nodes ex 
tending up through the femoral canal and into the 
abdomen along the course of the femoral artery 
Microscopic examination of the revealed 
The 


uneventful, and the pa 


nodes 
metastatic squamous-cell carcinoma, Grade | 
postoperative course was 


tient was able to resume work 


He was examined monthly thereafter. Eight 


months later there edema of the 


right lower extremity with an area of anesthesia 
over the 


was brawny 


inner aspect of the thigh. Four para 
vertebral blocks were performed using 4% novo 
caine. The edema subsided about 50%. The patient 


improved and was able to resume limited duty 
The 
liver edge was palpable below the costal margin 
\ smooth, hard 


Several months later the swelling recurred 


xlule 


was felt just above the 
umbilicus. of the pelvic bones revealed 
no evidence of bony metastases. The tentative 


diagnosis of metastases to the femoral region caus 
ing lymphedema of the leg was made. On lapa 
rotomy a large infiltrating lesion in the right pelvis 
adherent to and invading the bladder was found 
Subsequent x-rays of the pelvic region demon 
strated 


due to 


erosion of the right ischium presumably 


metastatic carcinoma. Three years after 


the onset of the disease, the patient died. 

Cask 4.—A 59-year-old white man with 31 years’ 
potential exposure to “slack’” wax as a pressman 
developed a furuncle-like lesion measuring 0.7 em 
in diameter the 


anterior raphe of the 


tum. It was slightly raised and rounded in contour 


scro 


There was no ulceration, but the edges were not 
sharply demarcated. The lesion was soft and re 
sembled a sebaceous cyst. The patient stated that 
a “wax boil” had developed at the site of the 
lesion approximately three months previously but 
that it had subsided spontaneously. Several days 
before examination it had become “itchy,” and he 
had seratched off the superficial crust. The tenta 
tive diagnosis was an early epithelioma. No re 
gional Iwmph node enlargement was present 
Operative excision six months later confirmed 
the climecal diagnosis of squamous-cell carcinoma 
Six months later another lesion developed close to 
the operative scar (Fig. 3). Microscopic studies 
of this lesion showed this to be a second primary 


squamous-cell carcinoma 


Eight vears after the onset of the first lesion, 


a small area of desquamation was discovered on 
the scrotum at the 


site of the small 


had 


scar where 


one of the 


previous lesions heen removed 
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‘Two months later the lesion measured about 2 mm. 
keratotic. At the end of 
another two months, the lesion was elevated 1 mm. 
and measured 8X12 mm. 
and the edge rolled. 


in diameter and was 
The center was crusted 
No palpable inguinal nodes 
were present. The lesion was excised. The patho- 
logical diagnosis was squamous-cell carcinoma. No 
subsequent lesions have occurred by the end of 
nine years’ follow-up. 

Comment.—Ilt is of particular interest that this 
employee had had no exposure to “slack” wax 
for a period of two years prior to developing the 
initial lesion. third lesion occurred ten years 
after cessation of potential contact with the oil. 

Case 5.—A 53-year-old white man worked as a 
wax pressman for 32 years. Two small lesions ap- 
proximately 1.5 cm. by 0.8 cm. in diameter ap- 
peared on the scrotum (Fig. 4). One was located 
on the anterior raphe and the other on the right 
anterior aspect of the scrotum. These lesions were 
According to the patient, they had been 
present and unchanged for “years.” 


scaly. 
There were 
also noted several areas of scar tissue presumably 


“ ’ 


resulting from previous “wax boils.’ 

Although these lesions appeared benign in char- 
acter, it was felt, in view of the patient’s work 
history, that they should be removed without delay. 
revealed 
(a) atypical epithelial hyperplasia with marked 
inflammatory 


Microscopic examination of the tissue 


reaction; (b) invaded by 


masses of epithelium containing acidophilic cyto- 


stroma 


plasma, oval nuclei occasionally in state of mitosis. 
Pearl There was 
marked inflammatory reaction. The diagnosis was 
(a) squamous-cell carcinoma, Type 1; (b) atypical 
epithelial hyperplasia. 


formations were numerous. 


This worker was followed at three-month inter- 


vals. Six years later on routine examination, 
another lesion was noted. It was small, roughened, 
and scaly, located near the raphe. This lesion was 
excised. Sections revealed chronic inflammatory 
tissue. Again, almost three years later, two small 
were noted 
to the left of the raphe. The pathologist reported 


“ulcerated 


shallow ulcers with crusted borders 


inflamed squamous cell carcinoma in 


situ, no evidence of invasion.” The microscopic 
description read, “The lesion consists of a central 
crust formed by fibrin and leucocytes over deep 
rete pegs composed of squamous cells with atypical 
nuclei amongst which some mitoses are present. 
The distortion of architecture, the cell type, and 
the presence of an atypical mitosis suggests malig- 
nancy.” No additional lesions have developed in 
the nine-year follow-up. 

Comment.—In this case the lesions were present 
and seemed to be unchanged in character for many 
years. They presented a benign appearance at the 
time of surgery yet were demonstrated to be malig- 


nant. Gross examination can be misleading. 
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Case 6—A 59-year-old white man was_ being 
examined at periodic intervals for several years 
because it was recognized that as a pressman he 
had had 20 years’ potential exposure to “slack” 
wax. These special skin examinations had revealed 
no lesions. What appeared to be a sebaceous cyst 
was found on the posterior surface of the scrotum. 
There was also an erythematous macular eruption 
on the left side of the scrotal sac. Three months 
later examination revealed a small, firm, freely 
movable nodule measuring 1.5 cm. by 1.5 em. 
(Fig. 5). The lesion was well circumscribed with 
a central area of ulceration and superficial crusting. 
One small palpable inguinal node, 1-2 cm. in 
diameter, was present on either side. There had 
been rapid growth of the lesion during the previous 
three months. A tentative diagnosis of squamous- 
cell carcinoma was made. The lesion was excised 
widely. Radical resection of the inguinal nodes 
was not done, since they were thought to be 
inflammatory rather than metastatic in origin. 
Subsequent to operation there was progressive re- 
duction in_ their 


Pathological studies 


size with final disappearance. 
(Fig. 6) were reported as 
rhe epidermis is decidedly and irregularly 
acanthotic with many secondary and tertiary rete 


pegs present. 


follows: 


Many of the rete cells are large 
contain dark staining 
nuclei. Some of the cells are undergoing premature 
cornification and forming whorls and pearls. In 
the underlying corium a diffuse, non-specific cellular 
infiltration is present. 


and hyperchromatic and 


Diagnosis: Squamous cell 
carcinoma.” 

Two years later two lesions were noted on the 
left scrotum. Each was approximately 5X5 mm., 
round, elevated, and crusted. 
The 
skin 


These were excised. 
pathological diagnosis “carcinoma of 
it situ.” Again some 18 months later a small 
crusted lesion was found on the left scrotum. It 
4x3 Within a period of two 
months’ observation, it had increased in size to 
6 mm. 


was 


measured mm. 


in diameter. Surgical removal was done 
The pathological diagnosis was “early squamous 
carcinoma of Grade 1.” No further 
lesions have occurred in the 9-year follow-up. 


scrotum, 
Case 7.—This 58-year-old white man had worked 
as a pressman for 20 years. On routine examina- 
tion a 45 mm., raised, flat lesion on the right 
midscrotum was noted 
early 


It was suspected to be an 
Nine months later the 
7X8 mm. It was well circumscribed, 
slightly raised, with a small crusted central area. 
No inguinal lymph nodes were palpable (Fig. 7). 


epithelioma. lesion 


measured 


Surgical removal was performed at this time. 
The biopsy confirmed the clinical 
squamous-cell carcinoma. 


diagnosis of 
There has been re- 
currence during the past eight years. 


Case 8.—This 56-year-old white man had been a 
pressman for 


over 18 years when he consulted 
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his family physician for a “sore” on the left 
scrotum. The patient stated that a small wart-like 
lesion had been present for about two weeks. When 
it became painful, he consulted his doctor. At 
the time of a routine periodic health examination 
15 months earlier, no scrotal lesion was present. 

A clinical diagnosis of epithelioma of the scrotum 
was made. The lesion was excised. Pathological 
examination revealed a squamous-cell carcinoma 

Repeated examinations over the past 14 years 
have revealed no recurrence. 

Case 9.—This 


myocardial infarction after working 38 years as 


white man died at age 65 of 


a pressman. 

At age 59 a right scrotal lesion was noted by 
the family physician when the patient consulted 
him regarding treatment of hemorrhoids. A palpable 
lymph node was found.in the right inguinal region 
patient admitted that the 
lesion had been present for a year. 


On questioning, the 
Surgical ex- 
cision plus a right inguinal node resection was 
done. The pathological diagnosis was squamous-cell 
carcinoma. There was no recurrence. 

Case 10.—This 47-year-old white man had 15 
years’ potential exposure as a pressman. ‘The pa- 
tient had first noticed a wart-like growth about one 
year previously. This had become ulcerated during 
the ensuing six months. Self-medication of the 


lesion with various ointments had been carried 


on for six months prior to our examination. An 
ulcerated lesion measuring 4X4 mm. was present 
on the right scrotum. There were no_ palpable 
nodes in either inguinal region. 

The lesion was removed surgically. At operation 
no palpable nodes could be felt in either inguinal 
sections revealed a 


region. Examination of the 


squamous cell carcinoma, Grade I. He returned to 


work two months later. There was no recurrence 
Two years later the patient lost weight, became 


nauseated, and developed mild jaundice. At 


laparotomy an inoperable primary carcinoma of 
the stomach was found. A_ palliative jejunostomy 


was done. He died a few months later 


TABLE 2. 


Age at 
Original 
Diagnosis, Potential 
Exposure Birthplace 

14 Ireland 
Poland 
Poland 
Italy 
Lithuania 
Poland 
U.S.A. 
Poland 
Poland 
Poland 
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Status 


Died, age 55 
Living, age 67 
Died, age 65 
Living, age 67 
Living, age 6 
Living, age 
Living, age 66 
Living, age 70 
Died, age 65 
Died, age 51 


Comment 

According to published descriptions,’ car- 
cinoma of the scrotum usually begins as a 
nevus-like excresence or painless hyper- 
keratotic area. The lesion retains its benign 
characteristics for a prolonged period of 
time. After slowly increasing in size, the 
lesion ulcerates. [Eventually metastases ex- 
tend to the inguinal and pelvic lymph nodes. 

Several of the cases described reveal im- 
portant exceptions to the usual course of 
the disease. During a period of but four 
months after the initial appearance of one 
lesion, there was rapid increase in size with 
ulcer formation (Case 6). Small hyperkera- 
totic lesions, which failed to show any gross 
changes over a period of several years, were 
found on pathological examination to be 
squamous-cell carcinomas. The time neces- 
sary for a lesion to develop to the typical 
clinical picture of squamous-cell carcinoma 
of the scrotum obviously varies from one 
case to another. [arly diagnosis of the 
disease requires a high degree of suspicion 


whenever a scrotal skin lesion is found. 


Henry observed that the disease may 


not become manifest for a long period of 
time after cessation of work in areas where 
the possibility of exposure to carcinogenic 
materials exists. We have noted the occur 
rence of scrotal lesions as many as eight 
years after cessation of work as wax press 
Once significant 


man. exposure has oc 


curred, continued medical — observation 


should be maintained indefinitely. 


Data from Ten Cases of Cancer of the Scrotum 


Remarks 


Died of cancer of scrotum 

3 lesions “cured” 

Extensive surgery, died of cancer of scrotum 
3 lesions “cured” 

3 lesions “cured” 

3 lesions “‘cured” 

1 lesion “‘cured”’ 

1 lesion “cured” 

Died 6 years later of coronary thrombosis 
Died 2 years later of cancer of stomach 


Case No. 
1 
4 
6 ; 
9 
10 
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A summary of the 10 wax pressmen who 
developed carcinoma of the scrotum is pro- 
vided in Table 2. The age of onset varied 
from 47 to 62 years. The average was 56 
years. The period of potential exposure to 
unrefined wax varied from 14 to 37 years. 
The average potential exposure was approx- 
imately 23 years. No case of carcinoma of 
the scrotum occurred in wax pressmen with 
fewer than 10 years of potential exposure 
to crude wax. Recurrences are not infre- 
quent as shown by the development of eight 
additional lesions in four of the patients. 
Metastases occurred in three members of 
the group. Of the 10° reported cases, 9 
occurred in persons of foreign birth, but 
practically all wax pressmen were of for- 
eign birth. There was surprisingly little 
labor turnover on the presses; hence men 
working 40 years as pressmen were by no 
means a rarity. Generally, personal hygiene 
was poor in the entire group. 

Having recognized that a health problem 
existed, it then remained to devise a pro- 
gram which would eliminate the hazard. In 
order to secure worker cooperation, the situ 
ation was discussed freely with them. The 
importance of good personal hygiene was 
stressed. The reason for providing two- 
piece underwear which gave double protec- 
tion over the genital area was explained. 
Their cooperation in returning this under- 
wear at the end of each working day for 
laundering was sought. It was explained 
further that careful inspection for wax or 
oil contamination of the underwear would 
indicate whether or not contamination of 
the skin was occurring. The importance of 
using the clean protective apron provided 
daily to each employee at the start of his 
shift was 


encouraged to take a shower at the end of 


was stressed. pressman 
each working day. They were also advised 
to wash their hands before going to the 
toilet. 

It was decided to examine each pressman 
This 


the observation 


at least once every three months. 


decision was based upon 
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of a single lesion which appeared and pro- 
gressed to ulceration in a like period of 
time. The periodic examination provided an 
effective means for the early detection of 


disease and also furnished an opportunity to 


discuss personal hygiene and proper work 
habits of the pressmen. This 
examination program still continues for all 


with each 
who worked in the area even though the 
wax pressing operation was discontinued in 
1950. 


Conclusions 


1. Cancer of the scrotum occurred among 
10 workmen with poténtial exposure to 
crude petroleum wax for 10 or more years. 

2. The cancers usually began as wart- 
like 


skin and/or intermittent ulceration of the 


lesions. Infiltration of the adjoining 


original lesion over a period of a_ few 
months or years ultimately caused the pa- 
tient to seek medical advice. 

3. Primary or recurrent lesions may oc- 
cur many years after “cure” or cessation of 
contact with the crude petroleum wax. 
Hence workers with a history of such con- 
tact should have careful scrotal examina- 
tions at relatively short intervals (three 
months) throughout their lifetime. 

4+. Inadequate or infrequent bathing plus 
the prolonged use of soiled clothing led to 
of the 


scrotal area of these workmen to the crude 


chronic and continuous exposure 


petroleum wax. 


5. Proper education of workmen and 
supervision in matters of personal hygiene 
as well as the use of protective clothing 
should be the basis of a protective program. 


Esso Standard Oil Co., P. O. (1). 


Box 551 
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The Industrial Hygiene of Uranium Fabrication 


WILLIAM B. HARRIS and IRVING KINGSLEY, New York 


Uranium is the heaviest of the natural 
metals and occurs either naturally or arti- 
ficially as some isotope of the 92d element. 
The important isotopes are 233, 234, 235, 
and 238, although 239 is of some signifi- 
cance in reactor technology in that it is 
formed by neutron absorption into 238 and 
The 234, 
235, and 238 isotopes occur naturally, with 
normal uranium containing 99.3% of 238, 
0.7% of 235, and 0.005% of 234. U-234 
is a product of the alpha decay of 238 and 
is therefore normally in radioactive equi- 
librium with 238. 

Uranium, in one form or other, is the 
basic material which is used today to fuel 
the nuclear reactor. 


later decays to plutonium 239, 


In most reactors that 
have been designed to date, it is the 235 
portion which enters into the fission reac- 
tion, and therefore enrichment of the mix- 
ture in this isotope tends to make a smaller 
and more efficient type of reactor. 

The toxicity of uranium has been the 
subject of considerable study. Most of this 
with animals. The 


work has been done 
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TABLE 1 


U natural (sol.) 

U natural (insol.) 
U enriched 

Th natural (sol.) 
Th natural (insol.) 


9X10-"! 
9X 10-1! 


Note: 7 d/m=5yg uranium; | d/m=1yg thorium. 
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animal work indicates that the organ most 
affected by soluble compounds of uranium 
is the kidney. For this reason, the soluble 
form is frequently considered to be more 
toxic. The radioactivity (alpha particles) 
would 
hazard when the material is as an insoluble 
compound, and would lodge in the lung for 
a long time. 


of uranium present its greatest 


Under these circumstances, 
the lung would be the organ to give concern. 
The effect of the activity on the lung has 
been calculated and referred to the 
missible radiation dose. 


per- 
It is important to 
point out that despite the large experience 
accumulated by the AEC uranium 
handling, no significant ill effects which 
could be attributed either to the chemical 
or radioactive toxicity of uranium have ever 
been seen in humans. 

The disparity between the animal experi- 
ments, radiation calculations, and human 
experience is reflected to some extent in 
statements of the maximum 


various per- 


missible concentration, several values of 
which are given in Table 1, 

This expression of toxicities is based en- 
inhalation — of 


tirely on finely divided 


material. There appears to be essentially 
no hazard from massive material (with the 
exception of prolonged periods of direct 
skin contact) or with any other mode of 
entry into the body. Toxicity which might 
arise, therefore, from the handling of metal 


ICRP? pe/MI. Part 20° we/M1. LASL?*«d/m/M* 
9X 
YX 


5X10-!! 
510-1! 
510-1! 


Permissible Levels as Prescribed by Various Authorities 
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will arise from those operations where the 
material is finely divided or where oxidation 
has taken place and the oxides raised into 
the air. Inasmuch as uranium is a material 
that reacts rapidly and easily with oxygen, 
substantially all processing where heat is 
generated can result in air-borne dispersion. 

During the course of development of 
procedures for the production of uranium 
fuel elements, substantially all metallurgical 
techniques have been tried at one time or 


another. The elements which make up the 


fuel assembly for a nuclear reactor vary 


greatly in size and geometry from tiny pins 
only thousandths of an inch in diameter to 
long rods or tubes inches in diameter and 
several feet in length. These elements, be- 
fore introduction into the reactor, are coated 
with some type of inert cladding to prevent 
reaction between the 


chemical cooling 


medium and the uranium. This cladding 
may be put on either during the fabrication 
or subsequent to it. 

The various procedures which have been 
followed include the following: (1) rolling, 
(2) forging either by means of a hammer 
or a press, (3) extrusion, (4) drawing, 
(5) (6) 
powder pressing. 


swaging, machining, and (7) 
It should be pointed out 
that in some cases our experience has been 
gained in production plants and involves 
full-time operations, while in others the 
work was performed on production-sized 
units but in experimental lots. Also, it was 
not possible to observe all combinations of 
all types of control. It is believed, however, 
that the information which has been gained 
will prove useful in planning future pro 
duction facilities. Wherever possible, aver 
age exposures are based on a_ time 
weighting of each incremental exposure ex 
perienced by the operator in the course of 
his working day. The procedure for de- 
termining this has been described.' The 


following will summarize some of the ex 


periences which we have gained with these 


various operations. 
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Rolling 

The usual sequence of operations involved 
in the process of rolling is as follows: 

1. A uranium billet or slab is heated to a 
suitable temperature in a 
mally about 1170 I). Gas-fired, lead-bath, 
salt-bath, and induction furnaces have been 


furnace (nor- 


used. The choice of a furnace can be very 
important from the standpoint of worker 
health and This 
will be discussed more fully below. 


dust-control ventilation. 

2. The billet is removed from the furnace 
and conveyed to a roughing roll for 
lengthening into shapes (rods or slabs) or 
rough dimension. Several passes are usually 
made through the roughing roll. 

3. The roughed shape is then passed 
through one or more finishing rolls, either 
manually or automatically. 

4. The finished section is dragged or con 
veyed to shears for cutting into the desired 
number of sections for handling and further 
processing, 

5. The rods or strips are then dragged 
or conveyed to another area where they are 
quenched or air cooled and stamped for 
identification and accountability. 

6. After stamping they may be descaled 
and bundled, 
corded, packed, stored, and shipped. 


straightened, weighed, re 

All these operations may be performed 
manually, or many of them can be done 
automatically, 

Most of these operations are potentially 
capable of releasing large quantities of 
uranium dust to the plant atmosphere. This 
is due to the rapid surface oxidation of 
uranium at the temperatures used in heating 
1200 I). The 
scale thus formed is readily removed during 


and rolling (about oxide 


any handling. This oxidation is not confined 
to the heating and rolling operations ; on the 
contrary, the oxide forms continuously and 
spontaneously flakes off the metal at tem 
peratures above 600 F. Any vigorous work 
ing of the metal produces a temperature 
which initiate oxide formation, 


rise may 


faking, and subsequent air-borne con 


tamination. 
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As indicated above, the type of furnace 
used can strongly influence the rate of oxide 
formation. When a gas-fired, air-atmos- 
phere furnace is used, there is so much 
oxidation in the furnace during heating that 
large quantities of uranium are deposited 
on the furnace floor and therefore lost for 
further processing. In addition, during re- 
moval of the billet from the furnace, con- 
veyance to the rolls and introduction to the 
rolls, oxidation continues. Needless to say, 
this oxide scale tends to contaminate the 
air. Thus, ventilation and other control 
methods are necessary to reduce air-borne 
concentrations to satisfactory levels. These 
will be discussed below. 

The loss of material inherent in the use 
of gas-fired furnaces and the health 
problems subsequent to such loss have re- 
sulted in the introduction of both lead- and 
salt-bath furnaces. By utilizing a heating 
environment from which oxygen is ex- 
cluded, oxidation and loss of material are 
prevented. By controlling the oxidation, 
lead-bath heating decreases exposure in the 
vicinity of billet-heating operations. How- 
ever, the oxidation problem returns subse- 
quent to the removal of the billet from the 
furnace. Ventilation and other control 
measures are required, 

The most satisfactory method for heating 
uranium billets at the present time is in a 
molten salt bath. Mixtures of lithium and 
potassium salts are used. The salt bath 
effectively prevents oxidation of the metal 
in the furnace, and, if the metal can be kept 
coated completely, controls oxidation 
throughout the remainder of the rolling 
cycle. Air-borne oxide concentrations are 
thus greatly reduced. The salt and oxide 
may finally be removed after cooling in 
an enclosed mechanical wet-brush cleaner. 
There is evidence that some solution or 
suspension of uranium occurs within the 
salt furnace, resulting in a slow build-up 
of concentration, This can increase the 
hazard as time goes on. 

Tests and measurements have shown 
that for salt-coated rods, even though the 
air concentration can be maintained at 
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satisfactory levels, this concentration in- 
creases substantially as the rods progress 
from the beginning to the end of the proc- 
ess. This may be due to the following: 

1. Progressive discontinuity of liquid 
salt coating. 

2. As the rod begins to cool after its 
final working, salt particles mixed with 
uranium oxide will be flaked from the 
surface of the metal, getting into the air. 

3. As soon as the liquid coating turns 
to a powder, the cooling rod begins to 
oxidize at a higher rate, causing an increase 
in the oxide that can potentially become air- 
borne. 

Safe Practices 

The following practices have been found 
to improve air concentrations under the 
circumstances which apply: 

(a) Ventilation: In general, it appears 
that the most significant location for ventila- 
tion is over the rolls, the roughing rolls 
being more important. Exhaust ventilation 
using canopy hoods extending somewhat 
beyond the rolls with an air flow rate of 
500 cfm/sq. ft. of hood area and a mini- 
mum velocity of 50 ft/min, at the rolls has 
been successfully applied. It has also been 
demonstrated that the hood effectiveness 
can be increased and exposure decreased by 
providing side shields on the hoods, pref- 
erably Lucite or other transparent material. 
Shielding the hoods reduced operator ex- 
posure at the rolls by about 50% (Tig. 1). 

In one company surveyed, an effort was 
made to decrease the dust concentration at 
the rolls by employment of man-cooling 
fans to blow the clouds of dust generated 
during rolling away from areas occupied by 
operators. This method not only failed to 
reduce concentrations to satisfactory levels, 
but also had the net result of increasing 
the number of persons with lower, but still 
excessive, exposures. The general plant con- 
tamination is also increased by this device. 
It is thus an inadequate solution to local 
removal of the generated air-borne par- 
triculate. 

Additional ventilation is required at 
several other locations where operations 
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Fig. 1—Manual rolling 
mill ventilated. 


auxilary to the rolling may be performed. 
(1) cut-off shears, 
(2) quenching, (3) stamping, (4) deseal 
ing, and (5) straightening. The effect of 
all these operations is to enhance scale re 
moval from the metal and thereby increase 
Small 
fitted to the machine or 


These are as follows: 


the air contamination hazard. 
hoods 


local 
operating 
location are effective in controlling dust. 
Ventilation 100 fpm 
through operating openings have been found 
to suffice. 


rates of 75 to 


(b) Housekeeping: Floor Grates. Dur 
ing handling and processing of the billet 


the oxide scale which is formed may fall 


to the floor. This is a potential source of 


Harris—Kingsley 


air-borne can be 


scuffed into the air by personnel movement. 


contamination since it 
To reduce this spread of the contamination, 
floor gratings have been installed over the 
areas of traffic where uranium is handled. 
Proper maintenance of these grates is es 
sential to prevent their being flattened by 
traffic or heavy metal pieces and to insure 
that the spaces between the gratings are 
kept clean. With or without the gratings, 
vigorous cleaning by vacuum cleaner is es 
sential. This should be accomplished on a 
continuous basis. In one company surveyed, 
the installation of floor grates alone brought 
about a reduction in operator exposure on 


both sides of the roughing roll from 260 
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d/m/M** to 90 d/m/M*, and from 700 
d/m/M* to 470 d/m/M®* respectively. 

(c) When rolls are 
wetted, a steam cloud forms which carries 
off significant quantities of fine fume; this 
is very undesirable and should be avoided 
where possible. Atmospheric concentrations 
at the roughing roll increased from 1280 
d/m/M® to 38,500 d/m/M® as a result of 
the deliberate dripping of water on the rolls. 
This represents an about 30 
times. 


Miscellaneous: 


increase of 


Because of the large amount of scale 
that forms inside a gas-fired furnace, pro- 
visions must be made to remove this scale 
on a frequent, periodic basis, both to re- 
duce the dragout which causes air con- 
tamination and to prevent loading of the 
furnace, This should be accomplished either 
with adequate ventilation and, if necessary, 
with 


respiratory protection; or if the 


* Disintegrations per minute per cubic meter. 


Fig. 2.- 
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Continuous automatic rolling mill. 
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furnace can be cooled, by means of vacuum 
cleaning. 

Billet Heated with Salt 

(a) Salt Coating: The most effective 
control of the dust hazard is afforded by the 
salt coat resulting from the furnace 
medium, although this method, as seen pre- 
viously, is not used. Even 
where salt-bath heating is performed, it is 
necessary to take positive steps to insure 
that the metal be kept completely covered 
with the liquid salt (Fig. 2). 

Attention should be given to procedures 
which will improve the continuity of the 
liquid salt on the surface of the uranium 
throughout the entire operation. If this 
liquid coating can be maintained as a con- 
tinuous part of the process, it is possible 
to operate a rolling mill safely without any 
ventilation controls. The addition of 
powdered salt to the billet after the rough- 
ing step, and between finishing stands has 
proved effective in maintaining salt) con 


universally 
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Taste 2.—Rolling Mill Operations (d/m/M*) 


Manual 
~ Automatic, 
Operator No Control Control No Vent. 
Furnace operator 
Roughing roll operators 
Finishing roll operators 


180 * sO t 
1,620-13,700 125-130 
SO0- 8,400 100-140 10-60 
Cooling 1,470 § 50 
Rod stamper 1,940 48-75 370 
Drag down operator 730 sO 
Shear man 1,500 65 


24-40 } 


10-50 


* Gas furnace. 
+ Lead furnace. 
} Salt furnace. 


§ Spray 
Quench 
# Air 


tinuity. The effectiveness of the salt coat 
in suppressing dust is shown in Table 2. 
(b) 


where a salt bath furnace is used and the 


Straightening Operations: — ven 
metal is kept coated throughout the rolling 
cycle, ventilation for the straightening op 
eration is required for maintenance of safe 
This is because 


air-concentration — levels. 


straightening is generally performed after 


Fig. 3 
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the salt coat has been removed. The metal 
surface is thus once again bared for oxida- 
tion, and, at the temperatures generated 
during straightening, oxide can be formed 
and flaked off. In fact, it 
that operation of the straightener without 
ventilation at 


was estimated 


one installation was poten- 
tially capable of overexposing half the roll 
ing mill The 


ventilation above at the straightener reduced 


personnel. installation of 
the exposure at these operations from 550 
d/m/M®* to 24 d/m/M*. A typical installa 
tion is shown in Figure 3. 

(¢) Salt Removal: It was claimed by one 
company that the salt coating resulted in 
surface pitting. brushing station was 
and 
The 
effect of brushing the oxide-loaded dry salt 


therefore placed between roughing 


finishing rolls to remove salt coat. 


coating was not only to make considerable 
UO air borne, but also to expose the bare 
metal to air oxidation throughout the re- 


mainder of the rolling. Thus, contamination 


-Ventilated enclosure for straightener 
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was increased at all succeeding operations. 
Actually the removal of the salt coat by 
brushing as a means of preventing pitting 
was ill chosen. The salt is most likely liquid 
at the point of contact with the rolls and 
will be much less likely to pit the metal sur 
face than the oxide scale which is rapidly 
formed when the metal is permitted to be 
exposed to the air. The practice of brush- 
ing resulted in increased atmospheric con 
centrations at the finish rolls as follows: 


sefore Brush After Brush 


d/m/M* d/m/M®* 
Roll 3 212 564 
Roll 4 121 480 
Roll 5 OM) 


General Considerations 

(a) Handling: Careless handling of the 
metal can cause the evolution of considerable 
amounts of oxide dust into the plant atmos 
phere. Typical examples are the following: 
dropping heated billets on top of rolls, 
dropping slabs and rods on the floor, drag- 
ging rods or slabs along floor, flinging 
small rod shearings across the rolling area, 
and tossing scrap at random into drums. 
The best dust control in these circumstances 
is elimination of the practices. If this is not 
practical, it is necessary to provide ventila- 
tion with unusual and skillfully designed 
hooding. Practically all the exposure at 
tributed to careless handling can be elim- 
inated by providing automatic handling 
procedures, 

(b) Cooling: In the early days of rolling, 
high-pressure water sprays were used to 
cool and deseale the rolled metal. This re- 
sulted in increased oxide scale on the rods 
when they were removed from the quench. 
Large quantities of scale were found on the 
floor in the areas where operations subse- 
quent to quenching were performed. Cooling 
by immersion the 


resulted in a significant reduction of this 


quenching — of rods 
source of contamination, the quencher’s ex- 
posure being reduced from 1471 d/m/M# 
to 128 d/m/M*. 


of ventilation consisting of an open surface 


However, the installation 


tank type of hood, using a 50 fpm control 
velocity on the quench tank, improved. the 
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control. The exposure of the quencher was 
reduced to 50 d/m/M® as shown in Table 2. 
It therefore appears that dip quenching 1s 
a significant improvement over unventilated 
pressure quenching; but to maintain the 
quench tank operator’s exposure below the 
maximum allowable limit, exhaust ventila- 
tion will probably be required in either 
case. More recently, the metal has been 
air cooled in most operations, resulting in 
considerable improvement. This is again 
shown in Table 2 in the comparison of the 
exposure of the air cooling bed operator 
with that of the quenching operator. 

(c) Decontamination: Measurements 
made at those plants which were surveyed 
indicated that there is a residual contamina 
tion by oxide during periods when rolling 
does not occur. Subsequently, this oxide 
seale is readily made air-borne by machine 
vibration and employee foot scuffing. In 
some cases this has been found to create 


sufficient air-borne dust to constitute a 
marginal hazard. In addition, most of the 


processing equipment contains — varying 
quantities of contamination, The importance 
of tloor grates, proper handling, and good 
housekeeping in reducing contamination to 
a minimum has already been indicated. 
However, this surface contamination can be 
easily removed by means of a_ thorough 
hosing down with water. This simple de 
makes it 


readily possible for equipment which has 


contamination procedure — thus 
been used for rolling uranium to be used 
immediately on other materials. Measure 
ments have indicated that as much surface 
contamination as 50,000e@ d/m/100 can 
be reduced to negligible contamination by 
The 
practices is evident from an inspection of 
Table 2. 


manual 


washdown. effectiveness of these 
The exposures for some of the 
listed 


primarily by the installation of ventilation, 


operations were reduced 
while for others a combination of ventila- 
tion and other measures was_ responsible 
for the reduction. 

Table that al 
though reasonably low exposures can be 


It can be seen from the 
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expected with a manual operation by using 
the 
most satisfactory results will be obtained by 


ventilation and other control measures, 


automatic operation using a salt bath. This 
is due not only to the use of the salt but 
also to the nature of the automatic opera- 
tion. In many of the operations the per 
contact of the 


uranium eliminated 


sonal with the 


operator 
distance 
This 


accounts for reduced exposures. Of course, 


his 


from this material increased. also 
in any case where close contact with the 
uranium exists and the operation can cause 
the 


release of oxide into. the operator's 


breathing zone (such rod-stamping 


operations), ventilation will probably be 
required to maintain satisfactory exposures. 
Ventilation of this operation will result’ m 


safe exposures as indicated in Table 2 


Press Forging 


Two companies were surveyed in) which 
press forging was the method of uranium 
shaping practiced. In one instance, where 
hot press forging was done, lithium, cal 
cium, and barium chloride salts were used 
in the salt bath to heat the ingot to its work 
ing temperature of 1160 F-1175 The 
ingot was removed from the furnace and 
conveyed to the 1000-ton flat die forge 
press by means of a monorail and_ roller 
conveyor. The ingot was pressed three 
times at 10,000 psi, being returned to the 
salt bath for heating before each pressing. 
After the third press, the lengthened slab 
tank, 
packaged, and stored for shipment. Average 


was quenched in a water quench 


concentrations at several locations were as 
follows: 

Location Concentration d/m/M®* 

Salt Bath 1.7 

Press 16 

Quench Tank 62 

The air samples taken during the opera 
tions 


well below 


the maximum permissible limit at all loca 


indicated concentrations 
tiorig. The reasons for this were as follows: 
1. The use of the salt bath before each pressing, 
which substantially limited oxidation of the 


metal during heating and forging 
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2, The reduction of surface oxide formation by 


quenching 

Installation of flat metal plates on the floor 
around the press to facilitate cleaning and 
material which could fall 
from the press during forging operations 


minimize loss of 
Installation of a metal catch pan around the 
bed of the prevent both 
spread of the material 


press to loss and 


Hammer Forging 


In contrast to the low air dust concentra 
tions found during hot pressing, investiga 
tion of hammer forging on a die revealed 
extremely high dust concentrations. Here 
the ingots were heated to the forging tem 
perature an furnace. The 


heated ingots were then removed from the 


oil-fired air 
furnace and placed on the forging die, 
where they were forged to predetermined 
dimensions. Upon completion of forging, 


the hammered metal marked — for 


identity and removed to an area about 40 ft. 


was 
from the hammer for air cooling. Subse 
quently, the ingot was conveyed to a rolling 
mill for further processing, 

The average time eyele from beginning 
to end of forging was 10 minutes per ingot, 
and the average number of forging blows 
about 200 per ingot. 

The ingot as removed from the furnace, 
was covered with a heavy coating of black 
oxide. 
black fume belched 
the opened furnace door. 


In addition, high concentrations of 
oxide in an oil from 
Gross amounts 
of black oxide fell from the ingot while it 
was being removed from the furnace to the 


forging die. When the red hot ingot was 


placed on the forging die, gross quantities 
of black oxide fell onto the die and onto the 
floor. 


ach blow of the forging hammer 
knocked the black from. the 
surface of the ingot, exposing the metallic 
surface, which 


loose oxide 
quickly 
film 


hammer blow. 


reoxidized — and 
fell off with 
In addition, a light 
cloud of dust, which was a combination of 


formed another which 


each 


the loose floor composition of the hammer 
room (cinders, gravel, and earth) and the 
scale and dust which fell to the floor, was 


constantly reentrained from the floor inte 
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the air. This was due to vibrations set up 
by the impact of hammering. 

lorging was also stopped to remove the 
black oxide and scale from the die several 
times during the forging of each ingot. Thus 
fairly large quantities of dust permeated 
the entire forging area throughout the en- 
tire forging cycle. The ingots lost 0.1% to 
0.3% of weight during forging, this loss 
being in the form of black oxide formed on 
the ingot during the cooling cycle. Most of 
this scale fell off 
handling, so that the ingot was reasonably 


during subsequent 
free of loose surface material by the time 
it reached the rolling mill. However, this 
loose material was scattered over quite a 
wide area of the plant. 

Air samples taken in the breathing zone 
of the operators revealed dust concentra- 
tions which ranged from 0.3 to 150 mg/M®*; 
this is many times the maximum permis- 
sible limit. The averages of some of the 
breathing zone samples obtained are as 
follows: 


Concentration 


Operator Location d/m/M* 
Furnace 1,000 
Opening furnace to check ingot 

temperature 190,000 
\W. side of hammer during forging 4,300 
k. side of hammer during forging — 1,300 
Marker’s position 5,000 


In addition, the results of breathing zone 
and general air samples taken around the 
hammer mill on the day following forging 
of the uranium while the crew was work- 
ing as it normally does on. steel, revealed 
excessive concentrations. These high ex- 
posures occurred even after several inches 
of cinders were removed from around the 
hammer mill and cooling area in an effort 
to remove gross contamination. lor ex 
ample, an average breathing zone concentra- 
1200 d/m/M* in the 


position and a general air concentration of 


tion of marker’s 
500 d/m/M® at the down-wind corner of 
the hammer were measured. 

The that 
heating and forging of uranium metal in 


results of these tests show 


air without the use of a salt bath will give 
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rise to very high exposures to uranium dust. 
In addition, the operation is slow, so there 
are long exposures to high dust concentra- 
tions. Also, contamination of the general 
area appears to be a very serious problem. 
Designing an adequate dust and fume con- 
trol system for this type of operation, al- 
though possible, would be both tricky and 
expensive. should be 
based on the use of a salt bath for heating 


Therefore, control 
and a diligent maintenance of a salt coating 
throughout the forging, although this may 
be difficult. Not only would this reduce the 
health hazard and material loss during the 
heating and forging cycle, but it would also 
eliminate the oxide problem normally asso- 
ciated with oil-fired furnaces. 

The favorable experience referred to in 
the first case demonstrates the importance 
of quenching the ingot and of covering the 
Hoor with metal plates to reduce the dust 
hazard and prevent the loss and= spread 
of oxide which is sloughed off during 
forging. However, because of the nature of 
the operation, well-designed ventilation con 
trol for the forging hammer would probably 
be necessary in any event to insure reason- 


able air-borne concentrations, 


Hammering 


Uranium ingot hammering investi- 
gated at one plant. The operations and re- 
sults obtained are quite similar to those of 
hammer forging on a die. The operations 
involved heating the ingots in an. oil-fired 
furnace to approximately 1150 F°, conveying 
them to a 7-ton hammer, hammering them 
into lengthened slabs, and conveying them 
to the storage area. 

In the performance of these operations, 
all personnel were exposed to daily average 
concentrations exceeding the maximum al- 
lowable concentration by as much as 35 
times. Some breathing zone samples showed 
concentrations as high as 5 mg/M®, Visible 
air-borne contamination was observed each 
time the 7-ton hammer came down on the 
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uranium 


ingot. Some examples of the 


daily average concentrations follow: 


Concentrations 
d/m/M* 
2,480 
2,610 
810 
Here, too, air-borne contamination ex- 
ceeding the maximum allowable concentra- 
tion was found in the general hammer area 
20 hours after the conclusion of uranium 
hammering during normal plant operations 
(nonuranium The cinder 
floor was found to be contaminated so that 
the shock caused by the hammering of 


Operator 


Front hammer operator 
Backside hammer operator 
Furnace operator and helper 


hammering ). 


other materials the following day caused 


the uranium 


contaminated cinders be- 


come air-borne. The average general air 
concentration in the hammer 
found to be 900 d/m/M*. 


For performance of uranium hammering 


area Was 


on a production basis, the control measures 
necessary for the prevention of excessive 
employee exposure are similar to those 
previously mentioned for hammer forging 
on a die. These are, namely, heating by 
salt bath, and 
proper floor covering. In addition, exhaust 
ventilation and cribbing must be provided 
for the hammer. Table 3 shows exposures 
at various forging operations. 


means of a quenching, 


Extrusion (Solid Rods) 


I-xtruding uranium in the a phase (< 1200 
I°) involves the performance of several op- 


erations not previously mentioned. The 


sequence is as follows: 


TABLE 3.—Forging Operations 


Con- 
centration 
Type Location d/m/M* 
Ingot 


pressing 


Salt bath 
Press 
Quench 
Ingot Closed furnace 


hammering 


1,000 
190,000 
4,500 


Open furnace 

Hammer (downwind) 
Hammer (upwind) 1,500 
Marking 5,000 
Furnace (avg.) SO) 
Ilammer (avg.) 


Slab 
hammering 2,500 
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1. The ingots are heated in a. salt-bath 
furnace, using salts indicated before, to a 
temperature of 1170 F. 

2. Ingots are removed from the furnace, 
conveyed to the press on a roller conveyor, 
and extruded at a rate of 14-2 minutes per 
extrusion. A total of about 12 billets can 
be processed per hour, 

3. [extruded rods are passed through a 
quenching jacket onto a run-out trough. 

4. The butt end of the extruded piece is 
cut off and thrown into a drum. 

5. The cut end is reamed with an abra 
sive material mounted on a portable drill. 

6. The extruded rods are dragged by 
means of a grappling wire onto a run-out 
table where they are stamped. 

7. The die block 


is reamed 


used in the extrusion 


with an abrasive mounted on 
a portable drill. 
8. The 


lengths by a power hack saw. 


rods may be cut to desired 

9. Rods are then weighed, packed in ship 
ping containers, and removed to the ship 
ping area. 

The major sources of contamination dur- 
ing these operations are as follows: 

1. Release of fumes while cutting off the 
butt end of the extruded rod, tossing these 
ends into drums, and deburring the die 
block. 


2. Release of fumes at the 


run-off table and weigh area, This is caused 


smoke and 


by surface oxidation of the extruded rods. 


Loose oxide scale falls onto the conveyor 


rollers and runout table and is thrown into 
the air by tracking and _ scuffing. 

fumes at the 
extrusion press discharge during extrusion 
and cut-off. 


3. Release of smoke and 


4. Poor housekeeping. Dissemination of 
accumulated oxide from the conveyor rolls 
and run-out table due to personnel and 
material movement. 

It is seen that all these sources are located 
at operations which take place after the 
billet has been through the actual extrusion 
Prior to this point the salt coat on the billet 
effectin ely prevents surface oxidation. How 
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coat is 


salt 


during extrusion the 
broken up by the press and the rod emerges 


ever, 


bare. Consequently, surface oxidation can 
occur and a major source of the contamina- 
tion found at operations performed subse- 
quent to extrusion, Typical daily average 
exposures for several operations prior to 
the installation of ventilation are given be- 
low: 


d/m/M* 
Salt-bath operator 11-90 
Extrusion press operator 29-180 
Die-head operator 410-2,400 
Weighman 58-370 


Quenching the extruded rod reduces the 


surface oxide formation to some extent. 


Various quenching rates and extrusion 
without quench have been tried in an at- 
tempt to learn which is most successful in 
reducing the worker’s exposure. It was 
found that the largest quench rate used 
(>58 gal/min.) was most successful in re- 
ducing both the average weighted exposure 
and the maximum exposure to their lowest 


levels. For example, the average exposures 
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of all personnel using the following quench 
rates are as follows: 


Average Maximum 

of All Averaged 

Quench Operators Exposure 

Rate d/m/M* d/m/M®* 
>58 * 160 410 
58 280 2,400 
15 310 2,000 
0 270 2,000 


Although uniform rod surface quenching 
reduces the exposure subsequent to the ex- 
trusion, it is not by itself sufficient to main- 
tain the exposure to the workers at levels 
below the maximum permissible concentra- 
tions. Consequently, other control measures 
are required, These follow: 

1. Ventilation at the extrusion press dis- 
charge. A hood shaped to enclose the equip- 
ment as much as possible and having a face 
velocity or velocity over the zone of dust 
generation of 200-500 ft/min. should be 


* This rate exceeded the highest flow measurable 
(58 gal/m.). 


Fig. 4. — Ventilation 
hood for extrusion press 
exit. 
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provided. It feasible to design 
this hood so that it will not only handle 
contaminants generated at the discharge of 
the extrusion press, but will also control 
air-bornes 


appears 


released during extruded rod 
cropping and die-block deburring opera- 
tions. If space limitations or operating 


procedure prevent such design, separate 
hoods should be provided for the latter op- 
erations, particularly the deburring opera- 
tion (Tig. 4). 

2. Ventilation of crop-tossing operations. 
A shaped hood around the crop receptacle 
(drum) enclosing the top of the drum as 
The 


face velocity or 


much as possible should used. 
minimum recommended 
velocity over the zone of dust generation 
is 150 ft/min. 


3. Provision of dust catch under- 


neath all 


pans 
roller conveyors to reduce the 
spread of contamination and maintenance 
time. 

4. Provision of steel matting on operat- 
ing floor areas will also aid in reducing the 
spread of both air-borne and direct surface 
contamination. This need be installed only 
if the floors cannot be kept clean. 

Hollow Rods 

A relatively few extrusions of hollow 


rods have been investigated. Operating 
techniques are the same up to the point 
where the butt ends of the extruded pieces 
are cut. At that point a detergent was cir- 
culated continuously through each to 
salt-bath 


otherwise corrode the inside of the tube. 


remove salts which would 


Another different operation in hollow 
rod production occurs after stamping the 
rods, when samples are sawed from ex- 
truded pieces. Ventilation for the sawing 
operation may be required, depending on 
the operating conditions involved. This will 
be discussed in greater detail in the machin- 
ing section. Results of air samples taken 
before and after the installation of ventila- 


tion at the extrusion press discharge and 
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crop-tossing operations reveal the following 
air-borne uranium concentrations: 
Concentration d/m/M?* 


Before After 

Location Ventilation Ventilation 
Extrusion press discharge 343 80 
Die-Head operator 1,200 107 
6 ft. south extrusion press 128 78 


Similar reductions could be expected after 
installation of ventilation in the case of solid 
rod extrusions. Alpha extrusion exposures 


are consolidated in Table 4. 


TABLE 4.—Fxtrusion Operations 
(Daily Averages d/m/M*) 
Type Furnace Operator Concentration 
Rods Salt Furnace w 
Press 100 
Diehead 1,400 
Weighman 250 
Concentration 
Location No Vent. Vent. 
Tubes Salt Press 350 80 
Diehead 1,200 100 
Weighman 175 20 
Clad rods Salt All nil 


Flat Plates 
lat plate extrusion is similar to rod pro 
duction with the exception that the ex 
truded flat plate did not pass through a 
quenching jacket. Instead, it passed through 
a mass of salt onto the run-out table. Later 
the extruded plate was stamped. This con 
tinuing salt application in combination with 
the control measures previously indicated 
reduces air-borne contamination to such an 
extent that satisfactory concentrations were 
obtained throughout most of the operations. 
Typical of the daily average exposures for 
this operation when performed with con 
trols are the following: 
Weighted Exposures 


Operator d/m/M* 
Salt-bath operator 2.8 
E-xtrusion-press operator 14 
Die-head operator 16 
Run-out and winch operator 09 


Salt chipping 
Clad Shapes 
Copper plated shapes extruded with a 


copper follower resulted in very low. air- 
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borne concentrations, comparable to those 
cited above. 

Gamma Phase Working 

Some preliminary work has been accom- 
heated 
temperature 
in the neighborhood of 1500 I°. The higher 
temperature results in a more rapid oxida- 


plished with uranium pieces into 


the y-phase. This involves a 


tion, but also in a much more easily work- 
able material. Occupational exposures from 
gamma extrusion are shown in Table 4A. 


TABLE 4A.—Gamma Extrusion 
(Glass Coating—1,500 F) 


BZ 
Concentration (d/m/M 4) 


Un- 

Operation ventilated Ventilated 
Withdrawing billet from furnace 150 

and inspecting 
Handling 250 
Placing in press 10 
Extrusion into box 50 
Extrusion into quench 20,000 
Remove butt 5,000 
Open box 150 
Clean-up press 5,000 100 
Reaming container 20,000 
Grinding off glass 250 


Reaming die 
Avg. 
Concentration d/m/M * 


Average exposure for 12 extrusions 300 150 
Finishing Uranium 
Drawing Uranium Rods 
This operation can be conducted without 
health and safety problems. In the opera- 
studied the 
heated in hot water and carried to a hy- 


tions which were rods were 
draulic draw bench, where they were hand 
smeared with paste-like lubricant, 
The rods were then drawn 
through the die on the hydraulic draw 
bench. Drawing was conducted at varying 
speeds ranging from 1% to 6 ft/min. A 
total reduction of 5% in the cross sectional 


( lridigol 


area of the rods was obtained. 

The results of the air samples taken dur 
ing operations indicated that there is no po 
tential dust hazard barring a rod jam. 
During normal operation the heavy lubri- 
cant 


coating successfully prevents rapid 
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oxidation and possible fuming. A rod jam, 
however, causes rapid oxidation despite the 
lubricant. The average of 10 operational 
dust samples taken during drawing was so 
low that for all practical purposes it can 
be considered zero. 

It thus appears that under normal operat- 
ing procedures this method can be quite a 
successful means of reducing the cross sec- 
tional area of rods, both from an operational 
and a health viewpoint. 

Swaging 
the reduction 
cold hammering in a 


Swaging involves 
diameter of a rod by 
split die. Air samples have indicated that 
there is minimal generation of oxide during 
uranium swaging as long as clean material 
is used. This operation can therefore be 
accomplished without local exhaust ventila- 
tion. Dreathing zone concentrations in the 
order of 7.5 d/m/M* were obtained under 
these conditions, 

Machining 

Uranium is a freely machinable but pyro 
phoric material. When uranium material 
is being machined, contamination therefore 
occurs only when the metal catches fire. 
lires, however, may occur frequently, This 
is due to the low heat capacity of the chips, 
the pyrophoricity of the material, and the 
heat generated in the machining. The inci- 
dence of chip fires resulting from uranium 
machining can be markedly reduced if it is 
possible to follow a few simple rules. These 
are as follows: 

1. The operation should be flooded with 
coolant. The quantity will be dictated by 
the operation and should be determined ex 
perimentally, but in general, coolant rates 
of from 8-15 gal/m are required for turn 
ing, milling, and similar operations. Some 
coolants which have been successfully used 
are the following: 

(a) Soluble cutting oil 1. Hydromite 
2. Texaco-C—1 pt.-4 pt 
water 

3. Sincool 
(b) Lard oil (disagreeable odor) 
(c) High flash mineral oil (about 400 F—hbut 
fire possibility remains ) 


(d) Lasupar—Gulf 3 pt.-1 pt. cutting base—Gulf 
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2. Low cutting rates should be used. This 
can frequently be accompanied by a deep 
cut, as the material is moderately soft. 
Again this needs experimental proof, but 
generally speeds below 100 surface ft/min. 
have been found satisfactory. 

3. In order that heat generation may be 
kept low, the tool must be very sharp. This 
usually dictates carbide-tipped tools. 

4. Quenching is facilitated if chip 
breaker is used? 

Where these operating specifications are 
possible and uranium burning does not 
occur in the machine, uranium air concen 
trations will be below the maximum allow- 
able levels. Local exhaust ventilation will 
not be required in these cases except to 
remove coolant fumes which may exist. 
However, well-distributed general ventila 
tion should be provided in the area to 
maintain safe concentrations under all cir 
cumstances. 

These operating practices are not always 
attainable or practical, however. par 
ticular, machining speeds may be greatly 
100 


ventilation 


in excess of the optimum of about 
surface ft/min. 
is normally required under these conditions 


Local exhaust 


even though coolant flow rates are ma 
terially increased. The various machining 
operations used at this time as well as any 
ventilation control methods required to 
maintain uranium air concentrations below 
the maximum permissible levels are dis 
cussed below. 

General Controls for Machining O pera 
tions 

1. The chips from machine beds should 
be cleaned out frequently to reduce the 
spread of material on floors. 

2. A wood grating should be provided 
at the operating position at each machine 
to reduce the slipping hazard and the pos 
sibility of The 
oil-soaked 


tracking. potential — fire 


hazard of an wood — grating 


should not be overlooked. 

3. When a machine is provided with local 
exhaust ventilation, the coolant should be 
separated from the air stream locally at the 
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machine tool to prevent mist from getting 
into the exhaust system, collecting in the 
This 
leakage, consisting of the uranium con 


pipes, and leaking from the joints. 


taminated coolant, may become a source of 
contamination. To effect this separation, 
low-capacity electrostatic precipitation, high 
efficiency dry centrifugal collectors, or oil 
serve the 
machines individually or in banks of two or 
four. 


mist filters may be used to 


Lathes: Lathe operations may include 


turning, facing, cut-off, milling, slotting, 
drilling, and radius cutting, The major con 
tamination from lathe operations arises from 
chips and shavings which catch fire in the 
lathe bed. 


conditions 


Under the controlled operating 


indicated above, this does not 


should be 
given both to. suitable coolant) application 


occur, Nevertheless, attention 
to prevent contaminated spray getting into 
the atmosphere and to side shields to. stop 
the seatter of chips. A. suitable chip-break 
ing tool which will prevent the formation 
of long, stringy chips ts also useful. With 
optimal operating speeds and no ventilation, 
breathing zone concentrations in the range 
of 3 d/m/M* to 90 M* 


measured, 


d/m have been 

When the cutting speed is about 200-300 
surface ft/min. it is impossible to control 
the release of air-borne contamination with 
out ventilation, even though the flow of 
coolant is greatly increased. Coolant: rates 
as high as 115 gal/m. have been tried and 
found to be unsuccessful as the sole means 
of control. For example, atmospheric con 
centrations at the lathe of 120 d/m/M* to 
240 d/m/M* 


conditions. 


under these 


Another example can be cited 


were obtained 
of a turret lathe operated at 200° surface 
ft/min. with adequate coolant flow. With 
out ventilation the breathing zone concen 
tration was 1750 d/m/M*. With ventilation 
installed, the concentration was reduced to 
<1 d/m/M®* (Fig. 5). 

Satisfactory control of such a lathe op 
with a 
reasonably complete enclosure of the ma 


eration can best be maintained 


chine. Hoods can be made with transparent 
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Fig. 5.—Canopy hood for turret lathe. 


Fig. 6.—Fully enclosed multiple spindle lathe. 
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sides and doors. With this type of hood, 
the lathe can be properly ventilated with 
no more than a 4 in. exhaust pipe connec- 
tion. Canopy hoods have been tried, but 
have proved to be less effective. To il- 
lustrate, reference is again made to the 
example given above in which the concen- 
trations at the lathe were 120 d/m/M®* to 
240 d/m/M*. When canopy were 


provided and the atmospheric concentra 


hoods 


tions remeasured, it was found that the re 
duction was inadequate. A 6 in. connection 
to the exhaust system, however, was found 
to be successful in reducing the concentra 
tions by between 5 and 10. Figure 6 shows 
automatic spindle lathe. 

Centerless Grinder: This machine is a 
high speed grinder used to achieve severe 
dimension and excentricity tolerances. The 
uranium slugs or cores are fed into contact 
with the grinding wheel through the input, 
and they travel automatically out through 
the side. rates in the order 


Coolant flow 


of 75 gal/m. are required by this machine. 
In spite of this, without controls centerless 
grinding results in the evolution of par- 
ticulate matter and large quantities of 
coolant mist; the particles become entrained 
in the mist and escape into the air, most 
of the drops of which contain small particles 
of uranium. The operators of these ma 
chines are thereby exposed to excessive con- 
centrations Of uranium-bearing aerosol. 
The only effective way to prevent exces 


sive 


from the 
centerless grinder is to enclose it as com 
pletely as practicable in a leak-proof hood 
and ventilate with a velocity through all op 


air-borne contamination 


erating openings of about 500 ft/min. The 
entrance and exit ends of the grinder should 
be completely closed except for a slit sheet 
of rubber. In addition, the control wheel 
and coolant line ports should be provided 
with rubber closures. Sealing the hood as 
much as possible ts particularly important 
to prevent mist 


leakage of containing 


Fig. 7.—Ventilated enclosure for centerless grinder 
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uranium. It is also possible to increase 
the distance between the grinder and the 
who slugs from the 
grinder by providing a slide and chute at 
the discharge side of the grinder. Without 
ventilation, breathing zone concentrations as 
high as 13,000 d/m/M® have been recorded. 


Even with inward velocities into the hood 


operator receives 


as high as 500 fpm, when the grinder was 
not adequately enclosed, the breathing-zone 
concentration was found to be 270 d/m/M* 
in one instance, With proper enclosure and 
ventilation as indicated above, breathing- 
zone concentrations can be reduced to the 
range of 30-75 d/m/M® (Fig. 7). 
Abrasive Cut-Off Wheel: 
wheels, including automatic machine, have 


Abrasive disc 


been used to trim uranium slugs and to cut 
slugs from uranium rods. Speed ranges 
from 1800-3600 fpm have been used with 
wheels of 12-18 in. diameter. Large coolant 
flow rates are required—up to 40 gal. per 
minute being used. 

To prevent excessive air-borne concen- 
ventilated. 
The hood should enclose the wheel as com- 


trations, these wheels must be 


pletely as possible and be ventilated by 
means of a 5 in, diameter exhaust duct. 
When properly controlled, breathing zone 
concentrations of less than 1 d/m/M* have 
been obtained for this operation. 
Sawing 

This 
been used extensively for rough cutting 
operatings. The tool operates at about 48 
strokes per minute for a 6-8 in. stroke, re- 


1. Power Hacksaw: machine has 


sulting in cutting speeds of from Y%-1 sq. 
in, per minute, depending on the sharpness 
of the saw. Low coolant flow rates can be 
used, and these will prevent sparking and 
fuming so that exhaust ventilation is not 
generally required, although it is frequently 
desirable to remove coolant fumes. 

2. Circular Saw: A good all-around job 
of cutting off stock can be done with this 
machine. Tests run during the sawing of 
uranium indicate that this operation can be 
done with no significant air contamination. 
A 2 ft. diameter saw blade, 4% in. thick, 
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can cut material up to 5 in. in diameter 
with a speed of 15 surface ft/min. 
Slab-Cutting Machine: Excellent results 
have been obtained using a milling machine 
at approximately 25 fpm peripheral speed 
with a 1% in, feed, taking about a 100 
thousandths cut. should be 
about 10 gal/m. The turnings from this 
tool are clean, and the operation may be 


Coolant rate 


expected to proceed with a minimum of 
burning. 

Miller: Good results are found for both 
rough and finish milling with cutters up to 
12 in. diameter. The speed and cutting rate 
are very important factors governing the 
quantity of chip burning and rate of air 
contamination. At tool speeds representing 
a peripheral velocity of 150 fpm (96 rpm 
using a 6 in. and a 1 in, 
enough burning of chips occurs to require 


cutter ) feed, 
the constant attendance of the machinist to 
daub out the fires and keep the chips under 
coolant, At velocities of 100 fpm or less, 
sparking is very occasional with coolant 
quantities in the neighborhood of 10 gal/m. 
Any increase in peripheral tool speed above 
150 fpm results in almost continual burning 
of chips and a high air contamination. 

Shaper: Rough cutting by means of a 
standard shaper follows usual procedure, 
and has few pitfalls. One-eighth-inch cuts 
are common and can be carried on without 
any noticeable sparking and with low air 
contamination, 

Surface Grinding: Surface grinding for 
the removal of surface imperfections has 
been done. Although large quantities of 
coolant are employed, excessive air con- 
tamination may be expected unless carefully 
designed local ventilation is also provided. 


Adequate control can be obtained only if 


an essentially complete, leakproof hood en 
closure around the grinder is installed. This 
should be exhausted by a 6 in. connection 
(800-1000 cfm). 

Portable Grinding: Small, portable, elec- 
tric grinders have also been used to remove 
surface imperfections. Ventilation 
required for these grinders in order to 


is also 


maintain satisfactory air dust concentra- 
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tions, The hood can be a tight enclosure 
with gloved ports for performance of the 
operation or a hooded down-draft grille 
ventilated at a minimum rate of 100 cfm/sq. 
ft. of grille area. The former hood should 
include an adequate seal around the entry 
port for the article being processed. 

Belt Sanding: Air samples obtained dur- 
ing the operation of wet belt sanders with 
ventilation on and off indicated that ex- 
cessive air-borne contamination is created 
This local 
ventilation can be provided at the exhaust 
port located in the machine housing casting. 
A ventilation rate of about 500 cfm has been 
found to be satisfactory. 


unless the sander is ventilated. 


Planing: This method of surface cutting 
can apparently be done without ventilation 
and not cause excessive air-borne contami- 
nation, provided that the cut is properly ad- 
justed and an adequate amount of coolant 
is used, 

Drilling: Drilling operations have some 
inherent technical difficulties which require 
careful handling. There is apt to be some 
distortion of the hole, which can be over 
come by good technique. As far as scrap 
recovery and air contamination are con 
cerned, vertical drilling may be safely car 
ried out. It would appear that the flooding 
of the hole with coolant adequately provides 
for oxidation control, The hole should be 


kept free of cuttings. The coolant: should 


be of such a viscosity as allows penetration 


to the bottom of the hole. Toles up to 1 
TABLE 5 


Machining Operation 
(Daily 


Averages d/m/M?*) 


Operator No Vent Vent 

Automatic lathe 200-300 30-70 
* Turret lathe 1) 40-50 
* Facing -ca. 100 
* Cutoff ea. 100 20-30 
* Milling ca. 100 20-30 
* Slotting ca. 100 20-30 

Drill... 20 10 
* Radius cutting 100-300 30 

Milling 40 

Shaping <10 


* Values are for normal operations. With speeds of less than 100 
surface ft. and adequate coolant, all results are less than 10 
d/m/M *. 
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TABLE 6.—A brasive Operations 
(Daily Averages d/m/M"*) 


Operator No Vent. Vent. 
Cut-off_____. <1 
Surface grinder 2,000-5,000 
Portable grinder 400 50-200 
Belt sander 3,000 <10 
Centerless grinder 5000-6000 50-300 

* Never sampled, but very high. 
in. in diameter have been drilled in’ this 


manner at speeds of about 100 fpm. 
Horizontal boring and reaming present a 
somewhat different problem, but adequate 
quantities of coolant (7-10 gal/m.) can be 
expected to minimize scrap loss and spark 
ing. 
marized in Tables 5 and 6. 
Uranium Powder Metallurgy 


I:xposures from machining are sum- 


l‘inished shapes for reactor fuel elements 
have also been made by powder metallurgi 
cal techniques. The operations involved are 
as follows: 

1. The uranium ingot is pickled in nitric 
acid and cleaned and dried in acetone. 

2. The ingot is loaded onto a carriage 
and pushed into a hydriding furnace, where 
it is converted to uranium hydride. 

3. This hydride falls into a hopper and 
subsequently falls into a pan inside a dry 
box (ingot dry box). Here it ts scooped 
into a retort. 

4. The 


uranium is loaded into a hydriding furnace 


retort containing the hydrided 
and dehydrided by vacuum to uranium in 
a lumpy state. 

5. The retort is removed from the fur 
nace, cooled in a water-cooled quench tank 
and transferred to a bulk dry box (hig. 8). 

6. The retort is unloaded, and metal pow 
der is dumped on the floor of the dry box. 

7. The 


manually with a steel mandril and loaded 


uranium sinter cake is crushed 
into a pressure cooker and clip cans, which 
are then sealed. 

&. These receptacles are transferred to 
the ingot dry box, where the crushed ura 
nium is further pulverized, screened, and 
loaded into die-loading cans. 

9. These cans are connected to the die 


and plunger attachments; the die assembly 
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Fig. & 


ment for 


Enclosed equip 
powder han- 


dling 


is heated to the proper temperature and 


completely evacuated, and the powder trans 


ferred from the loading can to the die. 

10. The powder is hot pressed, being 
converted to a solid uranium slug. 

11. After cooling, the slug is ejected, 
numbered in a pneumatic numbering ma 
chine, filed, cleaned on a belt sander, and 
taken to a quality control laboratory, 

12. The slug may then be finish-machined 
to size on a centerless grinder. 

13. The die assembly is cooled, separated, 
vacuumed, cleaned by wire brushes, and 
aquadagged, 

14. Die-loading cans are completely dis 
assembled, degreased automatically, and re 
assembled. 

Die-processing operations which include 
unloading and disassembling the die as 
sembly ; ejecting the slug; stamping, filing, 
and cleaning the slug; and cleaning die see 
tions are responsible for the highest tempo 
rary exposures to uranium dust. Adequate 
ventilation is required at these operations to 
maintain concentrations of uranium dust be 
low the maximum permissible limit. lor 
example, the following figures can be cited 
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to indicate the importance and necessity for 
ventilation, These are the results of sam- 
ples taken in the breathing zone of the die- 
processing technician while performing 

some of the operations indicated above. 
Concentration d/m/M* 

After 
Ventilation 


Before 
Operation Ventilation 

Stamping slug 590 105 

Filing slug 440 50 

Wire-brush cleaning die section 260 103 

Cleaning end slugs 220) 48 

Cleaning die liners 220 99 

As a result of ventilation the average ex- 
posure of this employee was reduced from 
182 to 48 d/m/M*, 

Another important dust-producing opera 
tion is the opening and closing of the ingot 
dry-box air lock. With no ventilation pro- 
vided, breathing zone samples as high as 
460) d/m/M#* 
operator must have access to this dry box 


were obtained, Since the 
many times during the day, he was over- 
exposed until satisfactory ventilation was 
provided. 

Other control techniques contributing to 
the maintenance of safe exposure levels 
include the general measures of good house 


keeping and personal protection applicable 
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to all processing methods. These will be 
discussed more fully below. 


Scrap Recovery 

The scrap which is generated during the 
various machine operations on uranium is 
sufficiently valuable to require reprocessing. 
Obviously, the most economical procedure 
to follow is one which permits direct  re- 
covery of the material as metal. 

Chip Degreasing and Briquetting 

Chips and turnings can be readily re. 
melted if they are converted into briquettes. 
These materials, usually received in drums 
from the machine areas, are dumped into 
a crusher, degreased, dried, and loaded into 
a briquette machine which presses out the 
product. 

The operator of the machine may receive 
an excessive exposure, primarily when 
working at the discharge of the briquetting 
machine. Here the concentration of ura- 
nium 600 
d/m/M*. The sources of the contamination 
are the fume emanating from burning edges 


has been found to average 


of the briquette and that from burning 
chips which accompany the briquettes as 
from the 
These fumes result from the uranium ig 


they are ejected machine die. 
nited by the heat created in the press. The 
briquettes and chips fall to a chute and 
slide into a receiving tray which consists 
of a wide-mesh wire screen over a trough 
of water. Most of the burning chips fall 
into the water and are extinguished, but 
the briquette edges occassionally continue 
to smolder after the briquette has come to 
rest on the screen, Therefore, fumes escape 
at the die, from along the chute, and from 
the tray until the burning subsides. 

The concentration of fumes generated 
during briquetting may cause air contami- 
nation in some of the adjacent operations. 
This has been particularly true in the case 
of the chip degreasing operation where con 
centrations as high as 260 d/m/M* have 
been found. Local ventilation will control 
these high air-borne uranium concentra- 
tions. This can be provided without ham- 
pering the operation by erecting a simple 
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-Miscellaneous Operations 
verages d/m/M°*) 


TABLE 7. 
(Daily 


Operator No Vent. Vent. 


Straightening - - 1,500-1,900 
Drawing Nil 


Swaging <10 


Degreasing. 
Briquetting 250 


* Not evaluated, 


enclosure around the die, chute, and receiv- 
ing tray. An air volume of 300 to 500 cfm 
is required, depending on the total area of 
openings into the hood. Table 7 summarizes 
results, 

Other Chip Handling 

When the rate of chip generation 1s less 
that 
handling, arrangements should be made for 


than which is economical for local 
frequent shipments to central reprocessing 
areas, bearing in mind that storage of scrap 
turnings should be kept to a minimum to 
reduce the fire hazard. 

In the event that reprocessing facilities 
are not available or that the quantities are 
too small to warrant frequent shipment, 
conversion of the chips to oxide is some- 
times advisable. This may be done on a 
steel plate in a ventilated hood. The ma- 
terial is easily ignited, but must be kept 
raked to insure complete conversion. [co 
nomics usually dictates some type of air 
cleaning, although this is not absolutely es 
sential for safety, After conversion of this 
material to oxide, it is subsequently handled 
as oxide scrap, which will be discussed be 
low. 

Powder 

Uranium powders are spontaneously py- 
rophorie and must be handled with caution. 
Scrap materials from powder operations 


should not be stored, but should be reacted 


in some way. The preferred method 1s 


generally by conversion to oxide in a man 
ner similar to the procedures described 
under turnings. An alternate method, how 
nitric acid or other 


ever, solution in 


chemical reagent. 


60 
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Oxide Scrap and Scale 

Scrap uranium oxides may be packed in 
drums and shipped to scrap reprocessing 
centers without any special handling pro- 
cedures. Regulations prescribed by the ICC 
for shipment of radioactive materials should 
be followed. Materials which come within 
this category are floor sweepings, vacuum 
cleaner discharges, materials which have 
been burned to oxide, and other contami- 
nated or uncontaminated salts. In any 
event, the value of the material requires 
consideration — of 


careful reprocessing 


rather than disposal. 


Waste Disposal 

Contaminated Liquids 

In general, the type of liquid which comes 
into this category would be waste pickle 
liquors, spent coolant, quench and = wash 
waters. In general, these materials will 
contain some fraction of undissolved ma- 
terial in suspension and some portion. of 
soluble uranium. Again, the primary con 
sideration should) be one of economy. 
Where a sufficient quantity of uranium is 
available to warrant reprocessing, the ma- 
terial should be handled as chemical 
solution and shipped to a reprocessing cen- 
ter, As with all shipments of radioactive 
materials, ICC regulations should be fol- 
lowed. 


When it is uneconomical to think in terms 


of recovery of this material, it is usually 


advisable to filter or decant so as to upgrade 
the solids content for recovery and to per- 
mit the uranium-bearing solutions to be 
disposed of through normal liquid waste 
According to CIR 10, 
Part 20, of uranium oxide 
is permitted in a drinking-water supply. 
This is approximately 50 mg/gal. of drink- 
ing water. 


disposal channels. 


In other words, a stream han- 
dling 10 gal. of water per minute can accept 
an average of about 2 Ib. of uranium in an 
eight-hour day without exceeding the per- 
missible level specified in Part 20. 
Clothing, Gloves, and Other Combustibles 
Where clothing or gloves are furnished 
to employees, laundering will successfully 
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reduce the contamination to readily accep- 
table shown that this 
laundering can be accomplished without any 
appreciable contamination of the environ- 
ment, Air-borne concentrations in the vi- 
cinity of handling, although 
sometimes rising somewhat above the per- 
missible level, will generally average well 
below this amount over the course of a day. 


levels. Tests have 


clothing 


In general, the exposure of laundry opera- 
tors has been found to average less than 
10 d/m/M® during all handling operations. 

It has further been determined that with 
normal good laundry practices the amount 
of contamination between successive batches 
is negligible where uranium-contaminated 
clothing is being handled. 

The amount of uranium materials which 
pass into the liquid effluent will, of course, 
depend in large measure on the degree of 
contamination of the clothing, and this will 
strongly influence the procedures to be fol- 
lowed in disposing of the liquid wastes. In 
the event that the uranium quantities are 
large, methods should be devised for re- 
taining the material for recovery. If smaller 
quantities are involved, direct disposal as 
outlined above is generally satisfactory. 

The choice between a local laundry fa- 
cility or an industrial laundry should be 
made on the basis of the over-all economics, 
with check monitoring provided if common 
industrial facilities are used. 

Equipment 
that 
equipment which has been used for fabriceat 
ing uranium be transferred outside of the 
jurisdiction of the uranium processor, This 
includes that equipment which is usable, but 
no longer required; equipment which can 
be considered to be scrap, and equipment 


It sometimes becomes necessary 


which must be sent to an outside shop for 
repairs, 

Procedures for disposing of such equip- 
ment have been specified for atomic energy 
agencies in AEC Manual, Chapter 5170, 
Paragraph 1411. These are considered to 
provide adequate protection. In general, the 
following basic elements can be used to 
govern actions in this direction: 
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1. All such equipment should be cleaned 
as thoroughly as possible without disas- 
sembly, This can best be done by high- 
pressure steam, detergent cleaning, or by 
other methods of washing, or degreasing. 
It would usually be found that contamina- 
tion will 
are oily or contain grease. One should be 


adhere to those surfaces which 
careful to remove material which might have 
collected in sumps or in interior corners of 
the equipment. 

2. After 
tamination 


such cleaning, alpha con- 


measurements should be made 
to insure adequacy of the job. In general, 
average 2000 
d/m/100 em, with peak readings not ex- 


ceeding 20,000 would be considered per 


contamination levels — of 


fectly satisfactory for any transfer outside 
of the organization. 


General Health and Safety Controls 

Yn addition to the specific and general 
practices and procedures described for each 
particular process, there are certain control 
methods for reducing worker exposure 
which are applicable to all the operations 
previously described. 

Housekeeping 

The importance of good housekeeping in 
reducing air dust concentrations cannot be 
overemphasized, Cleaning with brooms or 
compressed air should be eliminated on all 
premises since these practices tend to dis 
perse dust. If necessary, all brooms should 
be removed from the plant. Housekeeping 
should be done with vacuum cleaners. All 
the machinery and processing equipment 
and the floors in all areas where uranium 
or uranium oxide may be deposited should 
be vacuumed at least once each operating 
cycle to prevent the spread of contamina 
tion. The rafters, ledges, ete., should also 
be vacuumed frequently since this dust is 
a possible source of general air contamina 
tion, If necessary, a central vacuum system 
should be installed with proper attachments 
to allow rapid and efficient cleaning. Coolant 
and oil spillage or leakage should be kept 


clean by frequent) mopping with clean 
swabs. 
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Personal Protection 


1. Radiation Protection: Hands in con- 
tact with 


maximum permissible contact dose of 1500 


uranium metal will exceed the 
mrad/week in 6% hours. If leather gloves 
are worn, the metal may be handled for as 
much as 24 hours per week without exceed- 
ing this maximum permissible dose. There- 
fore, all personnel who are required to 
handle the metal for any length of time 
should wear leather or leather-palmed, cot 
ton-backed 


who are in contact with contaminated cool- 


gloves. Machinists, however, 
ants should be provided with an oil and 
water impervious type protective glove. It 
has been found that uranium contaminated 
coolant or oil can quickly saturate the glove 
palms and significantly increase the hazard. 
Such 
cleaned, 

2. 


gloves must be replaced) or dry 
Respirators: Personal respiratory pro 
tective equipment may be indicated im the 
case of isolated, intermittent operations of 
which would otherwise in 


short duration 


volve extensive controls, or for certain 


maintenance jobs. Tlowever, too much re 
liance should not be placed on the protec 
filter 
that, 
the usual poor face-fitting 


tion afforded by type respirators. 


Tests have shown because of the 
limitations of 
characteristics of respirators, the concen 
trations of contaminant reaching the nasal 
passages of the worker is greater than 
would be expected, and may be hazardous. 
Careful centerless 


tests of operators of 


grinding equipment revealed an over-all 


efficiency of 500-85 for approved dust 


respirators. lurthermore, they are uncom 
fortable to wear for long periods of time. 
Therefore, except for situations indicated 
above, respirators should never be used as 
a substitute for proper exhaust ventilation. 
In the event of ventilation system break 
down, respirators may be used, but only as 
an interim measure while every possible ef 
fort is exerted to apply the necessary cor 
rective steps. 
3. Clothing: It ts) frequently advisable, 
though not essential, that an adequate sup 
ply of work clothes be issued to the workers 
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and changed upon entering and leaving the 
plant. They should be laundered several 
times a week. This practice will minimize 
any hazard from shaking of the dirty work 
clothes and of carrying of material outside 
the plant. 

4. Kating: The practice of eating in any 
operating area is undesirable. Furthermore, 
all personnel handling uranium should be 
encouraged to wash up after leaving the 
operating area. 

5. Splash Protection: As an additional 
safety feature, personnel working in_ salt- 
bath furnace areas should wear face shields 
to prevent any possibility of burns caused 
by the splashing of lithium and potassium 
salts in contact with water. 

6. Air Cleaning: Kemoval of contami- 
nated materials from a work environment 
by means of ventilation usually merely 
transfers the problem from one place to an 
other, Wherever ventilation is provided for 
a uranium-fabricating operation, it is neces: 
sary to examine the exhaust air for uranium 
Chk 10, 20, specifies that 
not more than 1.7107 !ne/ml. of uranium 


content, 


can be permitted in the general environ- 
ment. This means an average of 2¥oyg. of 
uranium per cubic meter in the air which 
the general public may be permitted to 
breathe, In 


words, if exhaust 


system handling 300° cu. 


other 
ft/min. were to 
carry 4 Ib. of uranium per day, the air 
from that exhaust system could be breathed 
Inasmuch as it is 
generally assumed that the air which is 


continuously by anyone. 


carried by the usual industrial exhaust sys- 
tem attains approximately 1000-fold 
dilution prior to being available for breath- 
ing by the general public, one might expect 
to permit an exhaust system carrying 3000 
cu. ft/min, to carry 250 Ib. of uranium per 
day without hazard. This, of course, would 
be a very uneconomical procedure. As can 
be seen from the above, the economy factor 
will usually govern the application of air 
cleaning to this type of operation. The type 
of air-cleaning equipment which is used will 
depend on the service to which it is to be 
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put, and is therefore outside the scope of 
this discussion. 

Fire Protection 

As previously indicated, the danger of 
fire is ever present during the machining 
of uranium. This is important not only 
from the standpoint of property loss, but 
also because the rapid oxidation of a fire 
releases toxic fumes into the atmosphere. 
In addition to the general fire-protection 
methods already discussed, namely, use of 
sharp tools, speed of machining, and the 
application of coolants, certain other pro- 
cedures for the safe handling of machined 
scraps should be followed. These include 
the following: 

1. Careful attendance at all machining 
operations, for should any burning of chips 
start, the fire should be immediately ex- 
tinguished by daubing with coolant and by 
immersion. This procedure may be facili- 
tated by providing metal slides and_ shields 
to guide the chips toward a single location. 
This location may then be kept flooded and 
quickly cleaned out. 

2. Frequent removal of uranium. shav- 
ings, chips, ete., to drum storage. 

3. Storage of scrap in a heavy gauge steel 
drum with a loose-fitting lid, to allow escape 
of hydrogen gas. The chips should be fully 
covered with oil, lor shipment, the lid may 
be sealed if a suitable pressure relief vent 
is provided. 

4. Provision for the tsolation of any con- 
tainer which catches fire and extinguish- 
ment of the total 
immersion in oil or water or by smothering 


uranium material by 
with G-1 or graphite chips. 

5. Wearing of a satisfactory fume res- 
pirator before approaching any burning 
material. A respirator equivalent to that 
approved by the USBM for lead fume is 
adequate. No approval has been granted 
for use against uranium. 

Rules for the prevention and putting out 
of uranium turnings fires are given below: 

1. At no time should fine scraps be per- 
mitted to stand partially covered with oil, 

2. When small quantities of cuttings are 
involved, they may be burned under super- 
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vision. All finely divided particles, dusts, 
etc., should be burned before large quanti- 
ties accumulate. Burning may be done on 
a steel plate in the open in small quantities, 
such as 5 to 10 Ib. 
oughly burned. 


Material must be thor- 
The burning reduces the 
This should be 
packaged in a steel drum and shipped for 
reprocessing. 


uranium to black oxide. 
Care should be observed in 
incinerating and packaging to prevent in 
halation of fume or dust. 

3. When fine parts are stored prior to 
burning, they should be completely sub- 
merged in oil, in a steel drum with lid. 
There should be no sprinkler systems above 
or in the immediate area of this storage. 
Water should normally not be used in case 
of fire. (Water will extinguish a very small 
uranium fire, but the question of size of fire, 
relative quantities of water would need to 
be ascertained and this should not be left 
Therefore, it 
would be much safer to supply a tank of 


up to the average layman. ) 


oil to drop metal into in case it ignites. An 
adequate COs, fire extinguisher could be 
used both on ignited shavings or burning 
oil. 

4. There should be an adequate-sized pair 
of tongs to handle stock being worked on 
Stock 


moved from machine and submerged in a 


in cases of ignition, should be re 
tank of oil which should be very near the 
machining operations. 

5. If at any time the oil ignites, an avail 
able COs extinguisher should be used. The 
oil should be of a very high flash point, so 
that the fire should be easily controlled. 

6. If stock 
merged, G-1 powder or graphite chips may 


material or cannot be sub 
be used. An asbestos blanket may also be 
used. 

7. rom experience gained at lowa State 
College Laboratory a special hand fire truck 
was built and mounted on four large cast- 
ers. The truck consists of a wooden cabinet 
and a platform for a 55-gal. drum. This 
The 


cabinet contains asbestos gloves, asbestos 


drum is filled with graphite chips. 


blankets, asbestos shields for the front of 
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the body, respirators (necessary in fighting 
any uranium fire since large volumes of 
oxide dust are given off), a flashlight, two 
buckets, two pairs of pliers, two screw driv 
ers, and two hammers. The following items 
are placed on the outside of the cabinet and 
on the corners of the platform: a wire noose 
made from about 30 ft. of No. 10 wire and 
No. 10 small 
hand scoop, long-handled shovel, small dust 


a crossbar, and a scoop, a 
pan with metal scraper, two liquid carbon 
dioxide extinguishers, fireman's ax, crow 
bar, and a 10 ft. steel rod with one sharp 
end, which can be used as a punch, A 
special barrel-handling hand truck and a 
very low four-wheel, all-steel, cart are also 
reserved for moving barrels or 5-gal. bue 
Both 
the truck and cart have sheet metal protec 
tion for the operator. The barrel truck is 
constructed so that a barrel can be picked 


kets, respectively, which are on fire, 


up without being touched by the operator. 
This is quite important if the barrel is hot. 

The foregoing items of the paragraph 
listed for use on hand fire truck are used 
as follows: 


Graphite chips—for smothering fires 


\sbestos blankets—for smothering fires or pro 
tection of equpiment 

Asbestos shields—self-explanatory 

Respirators—self-explanatory 

Buckets for handling very small fires, carrying 
them to the outside, or applying graphite chips 
to fires 

Pliers—for picking up shavings on fire, ete 

Wire noose—for placing around barrel of chips 
on fire and removing from area 

Ten-foot steel rod for punching holes in barrel 
that might contain water and chips 


mits 


This per 


water to draim from material 
Isolation of burning material from other material 


is the prime motive in fighting a fire. 

8. If a few precautions are used, most 
uranium turning fires can eliminated. 
Since speed very 


important im extin 


guishing a uranium fire, the 


should be thoroughly trained. A 


operators 
few ex 
perimental fires (with highly contaminated 
turnings destined to be burned) are useful 
for training purposes. Municipal firemen, 
inexperienced with such fires, should not be 
allowed near unless the building 1s on fire 


99/563 


and given up, One experienced man extin- 
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guishing a uranium fire in a large body of 
turnings within 30 seconds after it has 
started is more effective than a whole fire 
brigade 10 minutes later. 
9. Any turnings fire may be classified as 
one of three kinds: 
(a) Fire in dry turnings 
(b) Fire in moist turnings or turnings partially 
submerged in water 
(c) Fire in turnings covered with a coat of 
cutting oil or partially submerged in cutting 
oil 
Of these three kinds, the first is the easi- 
est to control and extinguish. Dry turnings 
may be ignited by any type of flame, by 
high temperatures, or by sudden impact or 
stress, such as striking a turning on a heavy 
steel surface with a hammer. A match will 
ignite an isolated turning with about the 
same speed as it would a pine splinter, and 
the turning burns rapidly after ignition. 
However, there is no flame from such a 
fire. The main danger from a fire of this 
type is the damage to equipment and _ the 
possibility of igniting nearby combustible 
material. The heat is excessive, and, if the 
mass of turnings is large enough, tempera- 
tures in excess of 1300 IF can result.? 


Summary 


During the course of the development of 
procedures for the production of uranium 
fuel elements substantially all metallurgical 
and metal fabricating techniques have been 
attempted. Most of these techniques have 
been studied, including rolling, hammer and 
press forging, extrusion, drawing, swaging, 
powder processing, machining, and grind- 
ing. The experience gained from these vari- 
ous Operations is summarized in terms of 
air-borne occupational exposures. The ef- 
fectiveness of various procedures for con- 
trolling these exposures are also evaluated, 
and recommendations are presented, based 
on the results obtained during various con- 
ditions of operation. 

In some cases the experience reported 
has been gained in full-scale production 
plants involving full-time operations, while 
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in others the work was performed on pro- 
duction-sized units in experimental lots. All 
combinations of all types of control have 
not been observed, but it is believed that 
the information which has been gained from 
these studies will prove useful in planning 
production facilities. Wherever possible, 
average exposures based on the time weight- 
ing of incremental exposures experienced 
by operators are used. Where this type of 
averaging was not possible, a summary is 
given of individual air sample results. Also 
included are specific recommendations for 
general procedures, such as waste disposal, 
air cleaning, housekeeping, personal hy- 
giene, and the like. 

The investigations which resulted in the data 
contained in this report were performed mainly by 
members of the Industrial Hygiene Branch of the 
Health and Safety Laboratory, especially by Paul 
Klevin, A. J. Breslin, and Martin Weinstein. 
Assistance was provided by the Analytical Branch 
of the Laboratory in processing the enormous 
number of samples involved in these studies. 

Assistance was also provided by the following 
persons and industrial concerns: Dr. Joseph 
Quigley and Mr. R. C. Heatherton and the Feed 
Materials Processing Center, Fernald, Ohio; Mr. 
Mont Mason and the Mallinckrodt Chemical 
Works; Simonds Saw and Steel; Bridgeport Brass 
Company, and Sylvania-Corning Nuclear. Most 
of the photographs were supplied by the Fernald 
plant. 
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Occupational Allergy. Lectures held during a course on Occupational Allergy organized 
under the auspices of the European Academy of Allergy. Price $10. Pp. 329. Charles 

€ Thomas, Publisher, 301-327 E. Lawrence Ave., Springfield, IL, 1958. 

This book is a collection of the papers presented by a number of European authorities 
on allergic diseases from a number of different countries. Both the dermatitides and the respira- 
tory manifestations, such as asthma, are discussed. It is broad in scope which is best demon- 
strated by the following list of contents by classification: The Definitions of Occupational 
Allergy, Allergic Diseases, The Allergic Examination, Allergic Diseases in Different Professions 
and Industries, Therapy of Allergic Reactions, Prevention of Allergic Reactions, and Social 
Significance of Occupational Allergy. The book puts together in one source the views of many 
experience of the allergist and the industrial physician. Despite the lack of an index it should be 
a useful reference book for those with special interest in the field of occupational allergy. 
European workers on occupational allergy and is an effort to combine the knowledge and 

B. G. Ferris, Jr, M.D. 


Particulate Clouds: Dusts, Smokes and Mists. By H. lL. Green and W. R. Lane. Price, 

$11.25. Pp. 424, xix. D. Van Nostrand Company, Inc., Princeton, N. J. 

This interesting text covers the subject of particulate clouds and their various aspects. 
It is a very useful compendium on the nature and behavior of air-borne particulates. It is 
well referenced and covers a wide variety of topics in the field. It is divided into two parts 
The major section is concerned with the physics and physical chemistry of aerosols, and the 
second section pertains to industrial and environmental aspects 

The first part will be of greatest interest to those engaged in research and development, 
whereas the industrial and environmental aspects covers a number of applications which will 
be of interest to industrial hygienists. We have been using this as a class text in aerosol 
technology and find it gives an excellent description of the background and scientific studies 
in aerosol behavior. 

The chapters in Part One include properties of aerosols, nature of particles, production 
of particulate clouds, and their physical characteristics. Considerable discussion is given to 
optical properties of particulate suspensions and coagulation. 

The chapter on deposition and filtration covers almost all of the existing background litera- 
ture and information on this general subject without going too extensively into the mathematics 
that are involved. The equations that are presented, rather than being mathematic deriva- 
tions alone, provide extensive documentation by reference. 

The book also presents an extended discussion on sampling and estimation of aerosol 
clouds. It covers almost all of the existing methods that have proved to be useful in both the 
laboratory and the field. 

One of the weaker chapters in the book is that which deals with the air-cleaning aspects 
This perhaps might have been expected inasmuch as the book covers a broad field. While 
this chapter mixes large scale equipment with smaller scale devices, it does present an over-all 
consideration to the collection problem 

In chapters dealing with health hazards, aerosols in nature, and atmospheric pollution 
mentioned earlier are of general interest. This information presents many of the salient facts 
concerned with the problem of assessing aerosols and air contamination and for that purpose 
is extremely useful. 

In an over-all appraisal it is felt that this book has done exactly what it was intended 
to do. It correlates a large volume of material in the field and fills the large gap from the time 
of Gibbs, Whytlaw-Gray, and other classics of the twenties until now. As a text for gradu 
ate students in aerosol technology and aerosol behavior it will be considered extremely useful. 
\ graduate student can easily find many references to pursue with this source as a foundation 

LESLIE SILVERMAN 
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well-balanced 

nutrients 
moderate low-fat 
cereal and 


milk serving 


Medical and nutrition authorities now include the as shown in the table below 


It furnishes approxi- 
cereal and milk serving when a moderate reduction 


mately 10 per cent of the recommended daily allow- 
of dietary fat is indicated. This dish is recommended ances of protein, important B vitamins, essential 


because it is moderately low in dietary fat Few foods minerals; and it also provides quick and lasting 
can better its well-balanced nutritional contribution energy. Served with nonfat milk, the fat content 


is very low.* 


Cereal, 1 oz 


Whole Milk, 4 oz. Cereal** Whole Milk Sugar 
Sugar, 1 teaspoon 1 oz. 407. 1 teaspoon 
fm" CALORIES 203 104 83 16 
| PROTEIN 7.3.gm. 3.1. gm. 4.2 qm. | 
nutritive FAT 5.3 gm. 0.6 gm. 4.7 gm.* 
| ae CARBOHYDRATE 32.2 gm 22 gm. 6.0 gm. 4.2gm. 
uti CALCIUM 0.169 gm. 0.025 gm. 0.144 gm. 
IRON 1.5 mg 1.4 mg. 0.1 mg. 
of average VITAMIN A 1951. U. 1951. U. | 
| ] ‘ THIAMINE 0.16 mg 0.12 mg 0.04 mg. | 
cereal servin RIBOFLAVIN 0.25 mg 0.04 mg 0.21 mg. 
& NIACIN 1.4 mg. 1.3 mg. 0.1 mg. 
ASCORBIC ACID 1.5 mg. _ 1.5 mg. | 
CHOLESTEROL 16.4 mg 0 16.4 mg.” | 


*Nonfat (skim) milk, 4 oz., reduces the Fat value to 0.1 gm. and the Cholesterol value to 0.35 mg. 
**Based on composite average of breakfast cereals on dry weight basis | 


Cereal Institute, Inc.: Breakfast Source Book. Chicago: Cereal Institute, Inc.. 1958 
Hayes, O. B., and Rose, G. K.: Supplementary Food Composition Table. J. Am. Dietet. A. 33:26, 1957. 


Watt, B. K., and Merrill, A. L.: Composition of Foods-Raw, Processed, Prepared. U.S.D.A. Agriculture Handbook 
Vo. 8, 1950. 


CEREAL INSTITUTE, INC. 
135 South La Salle Street, Chicago 2? 
1 research and educational endeavor devoted to the betterment of national nutrition 


| 
| 
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_ prescribe Pararon in low back pa 
sprains —strains— —rheumatic pains 


~ Each PARAFON tablet contains: 
PARAFLEX Chlorzoxazonet .. 

A most effective oral muscle re 
TYLENOL Acetaminophen ........300 
_ A preferred analgesic for painful 


musculoskeletal rders 


Dosage: Two tablets t.i.d. or q.i.d. 


Each PARABON WILH PREDNISOLONE tab 


contains: Chlorzoxavonet 125, 


mg., TYLENOL® Acetaminophen 300 
and prednisolone 1.0 mg. 


Supplied: scored, buff 
bottles of 36 


Precautions: ‘Vhe precautions and con 
indications that apply to all steroids should — 
be kept in mind when prescribing PARAFO 
WITH PREDNISOLONE. 


t tisa poom rat 

if your patient 

*logger who rafts logs in a “boom” 

he'll be pulling down his pay again soon thanks to ~ ) 

] lus analgesiz — 
formu us ana : 

muscle re axation gesia Supplied: ‘Tablets. scored, pink, bottles of 50. 

and in arthritis 

MeNeil Laboratories, Inc + Philadelphia 32, Pa. FTrademark Patent Pending 


